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PREFACE AND INTRODUCTION 
FAST AND CEDEFOP 
CHIN: COMPUTER AND HUMAN INTEGRATED MANUFACTURING 
1. The aim of the TWE 7 FAST/CEDEFOP r e s e a r c h a c t i v i t y on "New 
T e c h n i c a l P r o d u c t i o n Systems: Work i n the F a c t o r y of the F u t u r e -
V o c a t i o n a l T r a i n i n g I m p l i c a t i o n s and P o l i c i e s " was t o stu d y 
f u t u r e a s p e c t s o f advanced m a n u f a c t u r i n g . The r e s e a r c h has 
fo c u s e d on i n n o v a t i o n i n terms of t e c h n o l o g y , o r g a n i s a t i o n and 
human f a c t o r s and i t s i n p l i c a t i o n s f o r s c i e n c e and t e c h n o l o g y 
p o l i c i e s , as w e l l as i t s impact on v o c a t i o n a l t r a i n i n g . 
1 
T h e r e f o r e the FAST Programme, B r u s s e l s and the European 
V o c a t i o n a l T r a i n i n g C e n t r e , CEDEFOP, B e r l i n , l a u n c hed a 
cosponsored r e s e a r c h a c t i v i t y i n 1984. 
2. The p o i n t of d e p a r t u r e was the ass u m p t i o n t h a t p r o g r e s s i n 
m i c r o e l e c t r o n i c s and the development i n i n f o r m a t i o n t e c h n o l o g i e s 
would g i v e r i s e t o a new f u t u r e o f p r o d u c t i o n f a c i l i t i e s , w o r k i n g 
l i f e and m a n u f a c t u r i n g methods. On a long term b a s i s , the d e s i g n 
and p l a n n i n g o f f i c e s , t o g e t h e r w i t h m a n u f a c t u r i n g and q u a l i t y 
c o n t r o l might be h e ? v i l y a f f e c t e d by new i n f o r m a t i o n 
t e c h n o l o g i e s . In p a r t i c u l a r , the energence of " i n t e g r a t e d and 
f l e x i b l e p r o d u c t i o n s y s t e m s " ( w i t h i t s elements o f CAD, CAM, FMS, 
CIM) as opposed t o the o l d , " s t a n d a l o n e " , r i g i d a u t o m a t i o n 
f a c i l i t i e s might lea d to > new phase c f m a n u f a c t u r i n g . In ord e r 
t o throw some l i g h t on t h i s f u t u r e p r o d u c t i o n t r e n d , t he r e s e a r c h 
a c t i v i t y was o r g a n i s e d i n t o 3 phases. 
3. The f i r s t phase f o c u s e d on " F l e x i b l e r a n u f a c t u r i n g Systems" (FMS) 
which i s the most advanced p a r t o f the t r a d i t i o n a l f a c t o r y 
a u t o m a t i o n c o n c e p t s , b j t now uses the advantages of new 
i n f o r m a t i o n t e c h n o l o g i e s ( N I T ) . S t u i y has m a i n l y been d i r e c t e d 
F o r e c a s t i n g and Ass e s s n e n t i n S c i e n c e ant Technology 
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at t h e d i f f u s i o n of FMS and FMC ( f l e x i b l e m a n u f a c t u r i n g c e l l s ) , 
work o r g a n i s a t i o n and s k i l l s , t o g e t h e r w i t h t h e a n a l y s i s o f forms 
of f l e x i b l e p r o d u c t i o n based on new o r g a n i s a t i o n a l c o n c e p t s . 
The r e s e a r c h was c a r r i e d out by 
IREP G r e n o b l e ( F r a n c e ) 
I S I K a r l s r u h e /ISF Munich (Germany) 
R o s l . i l d e U n i v e r s i t y (Denmark). 
A t t a c h e d t o the s e t h r e e main teams ;as the V r i j e U n i v e r s i t e i t 
B r u s s e l s , which c a r r i e d out a s e p a r a t e s t u d y o f B e l g i a n f l e x i b l e 
p r o d u c t i o n approaches . 
4. In a second phase, the r e s u l t s of tho s t u d i e s were p r e s e n t e d and 
d i s s u s s e d at a conference i n T u r i n i< J u l y 1986, i n v o l v i n g the 
p a r t i c i p a t i o n of around 13C e x p e r t s i r the f i e l d , 45 of whom gave 
w r i t t e n c o n t r i b u t i o n s . "n b r i e f , the main c o n c l u s i o n s were t h a t 
| o r g a n i s a t i o n i s a key i ; s u e of the economic s u c c e s s of f u t u r e 
p r o d u c t i o n which i s at l e a s t e q u a l t o t e c h n o l o g y , and the 
"concept of p r o d u c t i o n " r r the " p r o d u c t i o n c u l t u r e " i s i m p o r t a n t 
f o r usage and t h e k i n d c f t e c h n o l o g y a p p l i e d , o r g a n i s a t i o n o f 
wors and demand f o r s k i l s . ^ T h i s c .n be s t a t e d because of the 
approach of the comparison t a k e n iy the c o n f e r e n c e towards 
t e c h n o l o g y , organisâtior, v o c a t i o n , I t r a i n i n g and s m a l l and 
4 
medium p r o d u c t i o n u n i t s . 
"See r e s e a r c h r e p o r t s : 
P.H. K ' i s t e n s e n : I n d u s t r i a l Models i n the M e l t i n g Pot of H i s t o r y , 
FOP Mo. 1U9, B r u s s e l s , August 1936 
¡'•1. H o l l a r d , G. M a r g i r i e r , A. ? o s a n v a l l o n : L' Autonomi s a t i o n avancée de 
l a p r o d u c t i o n dans l e s activités d ' u s i n a g t , FOP No. 124, B r u s s e l s , 
November 1986 
I S I - I S F : F l e x i b l e m a n u f a c t u r i n g systems ar d c e l l s i n the scope of new 
p r o d u c t : o n systems i n Germany, FOP No. 13', B r u s s e l s , J a n u a r y 1987 
~P~. Koôl et a l : The impsct of new t e c h n o l o g i e s and f l e x i b l e 
manufac -:uring i n a B e l g i a n c o n t e x t , FOP Nr.. 154, B r u s s e l s , March 1987 
See u . 3 . A. S o r g e s 1 C o n f ? r e n c e Repor- i n CEDEFOP F l a s h 6/1986, 
B e r l i n ',986 
4 
W. 'Jobbe ( E d . ) : F l e x i b l e M a n u f a c t u r i n g i n Europe - S t a t e of the A r t 
of Approaches and D i f f u s i o n P a t t e r n s , FOP No. 155, B r u s s e l s , 
March 1 ( ,87 
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The t h i r d phase - the r e s u l t s of which are embodied i n t h i s 
volume - has t r i e d t o take a step forward by giving 
recommendations to the European Communities concluded from the 
research r e s u l t s . FAST organised a working party of selected 
e x p e r t s c h a i r e d by P. Brodner from the German " P r o j e k t t r a g e r 
F e r t i g u n g s t e c h n i k " of the K e r n f o r s c h u n g s a n l a g e , K a r l s r u h e . The 
o b s e r v e d s t r a t e g i c o p t i o n in f u t u r e m a n u f a c t u r i n g c o u l d be 
c o n c l u d e d in the CHIM concept (computer and human i n t e g r a t e d 
m a n u f a c t u r i n g ) which t r i e : to put f o r w a r d i d e a s which are l a c k i n g 
i n the d i s c u s s i o n on the t e c h n o l o g i c a l l y o r i e n t e d (or 
t e c h n o c e n t r i c ) concept of computer i n t e g r a t e d m a n u f a c t u r i n g 
(CIM). The w o r k i n g p a r t y has not put f o r w a r d a c l o s e d concept of 
CHin, but has c o l l e c t e d Lots of elements which c o u l d be a r r a n g e d 
and used f o r new S c i e n c e and Technology (S S T) o r i e n t a t i o n , 
v o c a t i o n a l t r a i n i n g measures and European p r o d u c t i o n p o l i c i e s . 
A f t e r meeting and a g r e e i n g on b a s i c l i n e s , t h e e x p e r t s of t h e 
w o r k i n g p a r t y have drawn up papers which were d i s c u s s e d in a 
h i g h l y i n t e n s i v e workshop on 8th-10th December, 1986 in B r u s s e l s . 
These c o n t r i b u t i o n s were r e v i s e d as the r e s u l t of the d i s c u s s i o n 
and r e s u b m i t t e d f o r p u b l i c a t i o n i n t h i s document. In g e n e r a l , 
t h e y a l l r e f l e c t the following views: 
The f u t u r e o f European m a n u f a c t u r i n g i n c o m p e t i t i o n w i t h the US, 
Japan and the P a c i f i c r e g i o n seems t o l i e i n (a) complex, 
customer t a i l o r e d , q u a l i t y p r o d u c t s , (b) e f f i c i e n t maintenance 
s e r v i c e s and ( c ) h i g h f l e x i b i l i t y and time r e g u l a t e d p r o d u c t i o n . 
T h i s t y p e of p r o d u c t i o n can be b u i l t on human r e s o u r c e s and 
knowledge which a l r e a d y e x i s t i n the i n d u s t r i a l i s e d European 
Member c o u n t r i e s , but which has t o be promoted more s p e c i f i c a l l y . 
The assumptions go i n the same d i r e c t i o n as proposed by the 
Danish TwE 7 r e s e a r c h wo~k which u n d e r l i n e d the p o s s i b l e end of 
Fordism (or t r a d i t i o n a l i ' iass p r o d u c t i o n ) and i t s replacement by 
forms of " f l e x i b l e s p e c i a l i s a t i o n " . The o l d and new t y p e s of 
p r o d u c t i o n c o u l d be c o n t r a s t e d i n an i d e a l t y p e of way as 
f o l l o w s : 
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F o r d i s t i c P r o d u c t i o n F l e x i b l e S p e c i a l i s a t i o n 
- s t a n d a r d mass p r o d u c t i o n 
- fewer p r o d u c t v a r i a n t s 
- s i n g l e purpose t e c h n o l o g y 
- low s k i l l e d w o rkers 
- poor w o r k i n g c o n d i t i o n s 
- l a r g e p r o d u c t i o n u n i t s 
- b u r e a u c r a t i c o r g a n i s a t i o n 
s t r u c t u r e 
- r e s t r i c t e d l e v e l of R X 0 
act i v i t i es 
- p r i c e c o m p e t i t i v e n e s s 
- s o p h i s t i c a t e d q u a l i t y 
p r o d u c t s 
- broad range of v a r i a n t s 
- s m a l l p r o d u c t i o n u n i t s 
- programmable t e c h n i q u e s 
- low d i v i s i o n of l a b o u r 
- s k i I l e d workers 
- i n t e n s i v e development 
i n p u t s 
- h i g h wage l e v e l s 
- q u a l i t y c o m p e t i t i v e n e s s 
- i n t e l l i g e n t o r g a n i s a t i o n 
8. The scheme does not mean t h a t no mass p r o d u c t i o n w i l l s u r v i v e i n 
Europe i n the f u t u r e , but t h i s t y p e of m a n u f a c t u r i n g has t o 
change. In a m a t r i x of d i f f e r e n t p r o d u c t i o n s t r a t e g i e s and 
t y p e s , i t i s emphasised t h a t the c h a l l e n g i n g f u t u r e form of 
m a n u f a c t u r i n g i s sketchec i n the r i g h t hand column which r e l i e s 
on q u a l i t y c o m p e t i t i v e p r o d u c t s i n c o n t r a s t t o the p r i c e 
c o m p e t i t i v e p r o d u c t s and i t s o l d m a n u f a c t u r i n g p h i l o s o p h y . 
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customised q u a l i t y 
competitive products 
craft production 
s k i l l based automated 
manufacturing 
d i v e r s i f i e d q u a l i t y 
production 
f l e x i b l e 
s p e c i a l i s a t i o n 
In p a r t i c u l a r , the segments of " s k i l l based automated 
manufacturing" and " d i v e r s i f i e d q u a l i t y production" are concepts 
of " f l e x i b l e s p e c i a l i s a t i o n " , but they operate on d i f f e r e n t 
seales. 
9. In r e l a t i o n to the orientation of public Research and Development 
(R ;'• D) funding, i t was stated that t r a d i t i o n a l high volume mass 
production, together with the price competitivity aspect, has 
fosiered a "technocentric production concept". This aims at the 
f u l l y automated or manless factory. Development i s seen in a 
higher degree of technique a p p l i c a t i o n . Man has been considered 
i m p l i c i t l y as a temporary factor to f i l l i n gaps which would 
later be replaced by technology. Organisations had to follow the 
production flow of continuous manufacturing with less production 
changes and demands on s k i l l s and organisation have been routine 
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f u n c t i o n s . T h i s c o u l d a l s o be c a l l e d t h e t a y l o r i s t i c model. The 
CIlvi (computer i n t e g r a t e d m a n u f a c t u r i n g ) f a c t o r y seemed to be the 
new approach of t h e t e c h n o c e n t r i c i d e a l s . However, i t has become 
e v i d e n t t h a t the Cll'i f a c t o r y (when i t e v e n t u a l l y e x i s t s ) w i l l not 
be an unmanned f a c t o r y . C o n t r a r y t o e a r l i e r a u t o m a t i o n 
t e c h n o l o g i e s which t r y t o s u b s t i t u t e shop f l o o r p e r s o n n e l w i t h 
m a c h i n e r y , CIM i s a communication t o o l which i n f l u e n c e s the 
o r g a n i s a t i o n and c o o p e r a t i o n i n s i d e ? i d o u t s i d e the e n t e r p r i s e . 
I t p r o vokes changes i n s k i l l s a l competence. 
11). These f a c t s prove t h a t "new product i o n c o n c e p t s " have t o be 
d e v e l o p e d w h i c h , b e s i d e s t e c h n o l o ' y, i n c l u d e s s k i l l s and 
o r g a n i s a t i o n a l f a c t o r s . We c a l l t h i s Cl-ili-'i (computer and human 
i n t e g r a t e d m a n u f a c t u r i n g ) . T h i s c o r c e p t f o c u s e s on p r o d u c t i o n 
p r o c e s s e s as a response t o r a p i d l y c l a n g i n g market demands and 
COM['lex p r o d u c t s , as w e l l as on srnal er p r o d u c t i o n u n i t s . The 
i n v e s t m e n t goods i n d u s t r y , the e n g i n e e r i n g s e c t o r , the garment 
i n d u s t r y are good examples f o r t h i s t y le of p r o d u c t i o n . In t h i s 
economic s e c t o r , s m a l l and medium s i z e i e n t e r p r i s e s dominate. 
11. t i n t - I now, the o r i e n t a t i o n of l a r g e f i r m s towards t h e development 
of new t e c h n o l o g i e s and the d i r e c t i o n they s h o u l d take has 
dommated R S D f u n d i n g . Because ;f t h e i r Low m e c h a n i s a t i o n 
l e v e l ani< s m a l l s c a l e p r o d u c t i o n , i t was c o n s i d e r e d t h a t s m a l l 
p r o d u c t i o n u n i t s were h i s - o r i c a l l y o b s o l e t e , and s h o u l d be phased 
out i n the f o r e s e e a b l e f u t u r e . However, the t r e n d towards 
f l e x i b l e s p e c i a l i s a t i o n ias shown t h a t t h e r e i s an i n c r e a s i n g 
rol-> f o r s m a l l p r o d u c t i o n u n i t s i n the f u t u r e economy. 
T h e r e f o r e , i t i s v e r y i m p o r t a n t t o f a c e t h i s r e a l i t y and the 
s p e c i f i c p r o d u c t i o n modes of s m a l l m a n u f a c t u r i n g u n i t s and 
- d e v e l o p adequate t e c h n o l o g i e s 
- o r g a n i s a t i o n a l p a t t e r n 
- si i 11 i ng schemes 
- m '-nagerrent schemes 
In t e r n s of the s c i e n c e and t e c h n o l o g y and v o c a t i o n a l t r a i n i n g 
p o l i c y p r i o r i t i e s , c o n c e p t s f o r M a n u f a c t u r i n g have t o be 
s u p p o r t e d which are bas'd on low d v i s i o n of work, chang i n g 
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organisation, f l e x i b l e technology, considering s k i l l s as an 
important element to- master highly d i f f e r e n t demands in changing 
production requirements'. Therefore, the following elements need 
to be developed: 
- a n t r o p o c e n t r i c t e c h n o l o g y (human c e n t r e d ) . T h i s means t h a t 
machines s h o u l d not j u s t be b u i l t t- produce m a r t i c l e , w i t h 
man t o compensate f c r what the machine cannot a c h i e v e 
( R e s t a r b e i t ) . M achine; have t o be dev e l o p e d as a modern t o o l 
of man's competence. Computer programmes w i l l a i d the 
d e c i s i o n s and a c t i o n s made by man. Examples are t o be 
deve l o p e d f o r CMC machines, PPS systems, r o b o t s , CAP, CIM 
systems. 
- The o r g a n i s a t i o n a l knowledge and the o r g a n i s a t i o n i t s e l f has t o 
be d e v e l o p e d . I t can no l o n g e r be a r o u t i n e and h i e r a r c h i c 
t y p e . By c o n t r a s t , i t has t o c o n s i d e r q u i c k r e s p o n s e s and 
changin g demands. Therefore, o r g a n i s a t i o n a l t e c h n o l o g i e s and 
the f i r m ' s s t r u c t u r e have t o f i t i r . T h i s knowledge and i t s 
a p p l i c a t i o n have t o be d i f f u s e d ( >rgknow) and the tools by 
which t o do i t have t o ::>e examined. 
- S !:i I Is from t he management s i d e as i ? l l as fro;n the worker have 
t o be developed t o meet the deman< s of f l e x i b l e response of 
s ' e e d i l y changing p r o d u c t i o n . Wit' r e g a r d to the shop f l o o r , 
t he concept of the German " F a c h a r b > i t e r " i s a s t a r t i n g p o i n t 
f o r t h i s demand. 
In c o n c l u s i o n , t h i s concent c o u l d be c a l l e d CHIM: a co r e of sma 11 
p r o d u c t i o n u n i t s w i t h a c u i c k response t o the market p r o d u c i n g 
h i g h q u a l i t y p r o d u c t s . [t demands f l e x i b l e t e c h n o l o g y , Orgknow 
and h y b r i d s k i l l s . I t i s a conce>t which uses o r g a n i s a t i o n 
i n t e g r a t i n g adequate t e : h n o l o g y anc human r e s o u r c e s as i t s 
s t a r t i n g p o i n t . 
The TWE 7 w o r k i n g p a r t y commenced w.th a p l a n of p r o d u c i n g a 
s t r a t e g i c document f o r t h e o r i e n t a t i o n o f a s c i e n c e and 
t e c h n o l o g y p o l i c y and t h a t of v o c a t i o n a l t r a i n i n g . I t c o n t a i n s 
d i f f e r e n t l e v e l s f o r t a c k l i n g t he s u b j e c t . 
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L . I . Options f o r computer integrated nanufacturing 
"Unmanned f a c t o r y vs. s k i l l b<sed m a n u f a c t u r i n g (CIM or 
CHIM) 
. a b i l i t i e s of man and o r o p e r t i e s of machines \ 
( " c o n t r a s t i n g " work d e s i g n ) j 
. c o n t r o l of p r o d u c t i o n 
. economics of p r o d u c t i o n 
. r u l e based v e r s u s t a c i t knowledge 
. t r i a d t r e n d s ( g l o b a l c o m p e t i t i o n ) 
. i n d u s t r i a l s t r u c t u r e 
L.2. E d u c a t i o n and t r a i n i n g 
. v o c a t i o n a l t r a i n i n g 
. s o c i a l s k i l l s 
. e n g i n e e r i n g e d u c a t i o n 
. d i s t r i b u t i o n of s k i l l s and knowledge 
L.3. I n t e r r e l a t i o n s h i p s between f i r m s 
. s u b c o n t r a c t i n g 
. r e g i o n a l development 
. p r e c o m p e t i t i v e c o l l a b o r a t i o n 
I..4. I n t e g r a t i o n of p r o d u c t i o n p r o c e s s at f i r m l e v e l 
. o r g a n i s a t i o n a l c o n c e p t s 
- d i v i s i o n of l a b o u r v s . " h o l i s t i c " systems 
. o r g a n i s a t i o n a l development 
. power r e l a t i o n s h i p s 
( c e n t r a l / d e c e n t r a l , degree of autonomy) 
d e c i s i o n making ( p a r t i c i p a t i o n 
. t e c h n o l o g i c a l c o n c e p t s 
system a r c h i t e c t u r e 
(openness of systems) 
To be d i s c u s s e d f o r t y p e s o f r r o d u c t i o n ( h i g h volume v s . 
s m a l l b a t c h ) and f u n c t i o n a l i n t t r f a c e s ( d e s i g n , p r o d u c t i o n , 
p l a n n i n g ) . 
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L.5. Man-machine r e l a t i o n s 
. d i v i s i o n of functions 
. i n t e r a c t i o n 
( e . g . d i r e c t o b j e c t m a n i p u l a t i o n , "computer a i d e d 
c r a f t s m a n " ) 
The arrangement of c o n t r i b u t i o n s by t'-.e a u t h o r has f o l l o w e d t h i s 
p l a n , as the Chairman, P. B r o d n e r , summarises. 
Many elements f o r e l a b o r a t i n g the CHJH concept and o r i e n t a t i o n s 
f o r r e s e a r c h and development can be f-und i n the e x p e r t s ' papers 
compiler! i n t h i s book. In p a r t i c u l a r , recommendations f o r the 
o r i e n t a t i o n of new man/; a c h i n e / o r g a n i s a t i o n r e l a t i o n s h i p s have 
been nut f o r w a r d , t a k i n g the v i e w p o i r t o f o r g a n i s a t i o n a l demands 
or the u s e r s ' demand ns a s t a r t i n g p o i n t f o r d e v e l o p i n g 
t e c h n o l o g i c a l f a c i l i t i e s t o a s s i s t t h ? p r o d u c t i o n p r o c e s s . In 
the f i e l d of i n i t i a l and c o n t i n u o u s t r a i n i n g , a b r o a d e r 
o r i e n t a t i o n i s recommended f o r a s s u r i n g human r e s o u r c e s i n f u t u r e 
proc'uct i on. 
Werner l.'obbe - FAST Georges Dupont - CEDEFOP 
B u r k h a r t S e l l i n - CEDEFOP 
B r u s s e l s , F e b r u a r y 1987 








The concept ion and development of new produc t ion systems are considered at 
the f o l l o w i n g f i v e l e v e l s : .'• ' 
1 . Opt ions f o r computer i n teg ra ted manufactur ing (CIM) 
2. Educat ion 
3 . I n t e r r e l a t i o n s h i p s between f i rms 
4. I n t e g r a t i o n of the p roduc t ion process at f i r m l e v e l 
5 . Man-machine r e l a t i o n s . 
At l e v e l one, P . Brodner argues tha t , due to the s h i f t from steady ex-
pansion to t e n d e n c i a l s tagna t i on on the wor ld markets , t r a d i t i o n a l p ro -
duc t i on systems ( l i k e sma l l batch p roduc t ion or Fordism) have to be 
adapted to the new market requirements i n some way or o the r . Regarding the 
d i f f e r e n t product and p roduc t ion s t r a t e g i e s coping w i th the t r i a d t rends 
of g l o b a l compe t i t i on , the European i n d u s t r i a l core seems to have a 
comparably s t ronger competence f o r the s t r a t e g i e s of " f l e x i b l e s p e c i a l i z -
a t i o n " and " d i v e r s i f i e d q u a l i t y p roduc t ion" than o ther i n d u s t r i a l a r e a s . 
S ince namely the f i r s t s t r a t e g i c op t ion i s of p a r t i c u l a r importance wi th 
respect to compet i t i on by d isp lacement , i t w i l l ma in ly be brought i n t o the 
focus throughout t h i s volume (a l though other types of p roduc t ion w i l l co -
e x i s t f o r a long t i m e ) . 
The man i fo ld p roduc t ion concepts considered f o r f u tu re manufactur ing p ro -
cesses can be l oca ted between two poles c h a r a c t e r i z e d by the key words " u n -
manned f a c t o r y " versus s k i l l based manufactur ing. Whereas the technology 
centred approach regards humans as a source of f a i l u r e ra the r than a p ro-
duc t i ve fo rce and consequent ly attempts to deepen the d i v i s i o n of l abour , 
to rep lace human a b i l i t i e s by computer programs and to reduce s k i l l r e -
qu i rements, the opposing human centred approach c la ims to j o i n the unique 
human a b i l i t i e s w i th machine performance p r o d u c t i v e l y , to r e i n teg ra te 
p lann ing and opera t ing tasks i n working groups and to acqu i re appropr ia te 
s k i l l s . 
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Due to the growing awareness of the deep dilemmafea the technology cent red 
approach i s going to run i i t o that can be c i rcumvented , however, by the 
human cent red a l t e r n a t i v e , the l a t t e r seams to ga in more and more a t t r a c -
t i v i t y . In order to make product ive use of human s k i l l s and to a c t u a l l y 
enable the workers to use computers as too l s ra the r than being rep laced by 
them, work des ign ( i . e . the determinat ion of the d i v i s i o n of labour , of 
the p a r t i t i o n of f unc t i ons between human and machine, and of the modes of 
human-machine i n t e r a c t i o n ) has to be done i n such a way, that a wide 
margin of a c t i o n i s be ing preserved l oav ing i n i t i a t i v e , eva lua t i on and 
d e c i s i o n s up to the worker. On the other hand, f unc t i ons and behaviour of 
the computer have to be complete ly t ransparen t . 
Fur thermore, a l t e r e d p o l i t i c s of p roduc t ion and a l t e r n a t i v e forms of con-
t r o l l i n g i t s processes are being developed w i t h i n the new product ion co -
ncep ts . In c o n t r a s t to t r a d i t i o n a l fonrut, where c o n t r o l used to be exe r -
c i s e d by o b j e c t i f y i n g knowledge, by t i e d e t a i l e d working i n s t r u c t i o n s 
de r i ved from t h a t , and by the machine system used , i t i s now exer ted 
through computer a s s i s t e d c e n t r a l p lann ing and s u p e r v i s i n g of p roduct ion 
i n i t s e n t i r e t y , but l eav i ng much wider margins f o r l o c a l p lanning and 
execu t i on . I t i s a d d i t i o n a l l y supported by a performance p o l i c y c h a l -
l eng ing the wo rke rs ' competence, autonomy and r e s p o n s i b i l i t y . 
Desp i te i t s c l e a r economic and s o c i a l advantages over the technology 
cent red p roduc t ion concept , the human centred one faces s t rong fo rces of 
i n e r t i a , however. They r e s u l t from a f i r m ' s hardware, sof tware, s o c i a l 
system and p r e v a i l i n g i deo logy , the l a t t e r two o f f e r i n g the by f a r harder 
r e s i s t a n c e s aga ins t change. The new proc.uct ion systems cannot d isseminate 
w ide ly un less these b a r r i e r s have been surmounted. 
At l e v e l two, R. S c h u l t z - W i l d s t r e s s e s , to begin w i t h , the d i f f e r e n c e s 
w i th respect to b a s i c cond i t i ons and developmental pe rspec t i ves between 
reg i ons , c o u n t r i e s and branches, which mike i t appear ra the r doubt fu l that 
quest ions o f technology u t i l i z a t i o n , work o r g a n i z a t i o n and s k i l l format ion 
w i l l be so lved accord ing to an uni form p a t t e r n . N e v e r t h e l e s s , a v a r i e t y of 
f a c t o r y s t r u c t u r e s i s being advocated t i a t are a l l a iming fo r a combina-
t i o n of technology and labour p reserv ing p roduc t ion competence on the shop 
f l o o r , and f o r a p r o c e s s - r e l a t e d u t i l i z a t i o n of s k i l l s and q u a l i f i c a t i o n s 
ra the r than f o l l o w i n g the l i n e s of us ing computers f o r maximum automat ion. 
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The p r o c e s s - r e l a t e d u t i l i z a t i o n of s k i l l s and q u a l i f i c a t i o n s o f f e r s a 
number of b e n e f i t s such as sav ing p l i n n i n g and implementat ion cos t3 , 
reduc ing t r a i n i n g expenses or i n c r e a s i n g the a v a i l a b i l i t y of complex and 
expensive manufactur ing systems. They maice t h i s approach a t t r a c t i v e f o r a 
company rega rd less of the s p e c i f i c s sructures i n which i t might be 
r e a l i z e d . These new forms of manufactur ing s t r u c t u r e s and work o r -
g a n i z a t i o n depend, however, on a number of p recond i t i ons such as the 
market supply f o r manufactur ing computer systems, the implementat ion pro-
cesses of new manufactur ing technology, the a v a i l a b i l i t y of d i f f e r e n t 
s k i l l s and q u a l i f i k a t i o n s , g r a t i f i c a t i o n systems and ca ree r p a t t e r n s . 
Seve ra l problem c o n s t e l l a t i o n s i n the f i e l d o f educat ion and t r a i n i n g r e -
l a t e d w i th f u tu re f a c t o r y s t ruc tu res are o u t l i n e d . 
F i r s t , there i s the issue of the educat ion and t r a i n i n g sys tem' s 
c a p a b i l i t y of s e c u r i n g adequate manpower reserves be ing c l o s e l y r e l a t ed 
w i t h the a t t r a c t i v i t y of i n d u s t r i a l work i t s e l f . 
Wh i l e , second, knowledge and s k i l l s r e l a t ed to products and manufactur ing 
methods remain impor tan t , now knowledge concerning the use of EDP and con-
t r o l technology i s becoming i n c r e a s i n g l y impor tant . 
T h i r d , there i s the problem of adequately combining t h e o r e t i c a l knowledge 
w i th the p r a c t i c a l aspec ts cf work. 
F o u r t h , the form i n which advanced t e c h n i c a l knowledge i s taught has an 
important impact on fu tu re i n d u s t r i a l s t r u c t u r e s , s i nce t e c h n i c i a n s and 
engineers form a growing par t of the workforce and the teach ing and 
research t r a d i t i o n s they grow up w i th tend to p re j ud i ce the company's 
d e c i s i o n s on t e c h n o l o g i c a l i n n o v a t i o n . 
F i f t h , the c a p a c i t y and e f f i c i e n c y of v o c a t i o n a l r e t r a i n i n g i s becoming 
c r u c i a l as soon as new i n d u s t r i a l s t r u c t u r e s spread w i d e l y . 
S i x t h , new forms of p roces3 - re la ted u t : . l i z a t i o n o f s k i l l s and q u a l i f i c a -
t i ons w i t h i n complex manufactur ing systems requ i re a h igh c a p a b i l i t y and 
w i l l i n g n e s s f o r coope ra t i o r which p a r t l y c o n t r a d i c t t r a d i t i o n a l forms of 
i n d i v i d u a l l e a r n i n g and work performance;. New forms of c o l l e c t i v e l e a r n i n g 
must, t h e r e f o r e , be supported by adequate wage systems and career 
p a t t e r n s . 
At l e v e l t h r e e , F. P r a k k e C o n s i d e r s i n t e r r e l e l a t i o n s h i p s between f i rms i n 
terms of economic and t e c h n i c a l trends of subcon tac t ing (be ing the most 
important a s p e c t ) , r e g i o n a l coopera t ion and p recompet i t i ve c o l l a b o r a t i o n . 
* Final paper not received within scheduled time li m i t 
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The f a c t that customers under duress tend to pass on t h e i r shor t term 
p roduc t ion requirements to the subcont rac to rs make long term improvements 
o f t h e i r manufactur ing technology mearly i m p o s s i b l e . In g e n e r a l , hence, 
q u a l i t y and f l e x i b i l i t y requirements i n subcon t rac t ing are r i s i n g qu i te 
r a p i d l y , wh i le customers are reducing the number of t h e i r c o n t r a c t o r s . 
F i rms c o n f i n i n g themselves to t h e i r cere p roduc t ion p rocesses , on the 
other hand, are caus ing f u r t he r s p e c i a l i z a t i o n and, t h e r e f o r e , more 
subcontrac t i n g . 
OEM's i n c r e a s i n g l y t r y to share the deve'.opment r i s k s w i th t h e i r component 
s u p p l i e r s , wh i le a t the same time d e s i g i c y c l e s tend to be shortened by 
compet i t i ve p ressu re . Thus, con t rac to r r e l a t i o n s h i p s are i n c r e a s i n g l y 
r e q u i r i n g much c l o s e r t e c h n i c a l contacts between the pa r tne rs , which, i n 
t u r n , makes s t a n d a r d i z a t i o n of data exchange i n t e r f a c e s and sof tware 
necessary . 
Reg iona l coopera t ion seems to be enforced by the requirements of con-
sequent j u s t - i n - t i m e produc t ion and the inc reased use of s e r v i c e s by manu-
f a c t u r e r s . Reg iona l development, t h e r e f o r e , must be based on s p e c i a l i z -
a t i o n . 
P recompe t i t i ve c o l l a b o r a t i o n o f f e r s bene f i t s i n p a r t i c u l a r f o r sma l l and 
medium s i z e d f i r m s . S ince Lt i s e s p e c i a l l y hard f o r them to cope w i th 
rap id t e c h n o l o g i c a l and o r g a n i z a t i o n a l change, they can draw s p e c i f i c 
advantages from precompet i t i ve programs fo r t r a i n i n g , r e t r a i n i n g and con-
s u l t i n g . 
A * l e v e l f o u r , B. Haywood and J . Bessanc argue t h a t , due to i n t e r n a l and 
e x t e r n a l p r e s s u r e s , f i rms are being forced to reduce cos ts and complex i ty , 
but a l so to improve q u a l i t y , reduce lead t imes and the o v e r a l l unce r ta i n t y 
of the p roduc t ion p rocess . The t o o l s aost ly cons idered to t a c k l e t h i s 
problem ( e . g . CAD, CAM, FMS e t c . ) are pure ly t e c h n o l o g i c a l i n nature and 
c o n s t i t u t e the i s s u e of t e c h n i c a l i n t e g r a t i o n . 
Schultz-Wild (1987): Transformation Conditions of Future Factory Structures: Technology, Organization, Education and 
Vocational Training
But even when tha t can be s u f f i c i e n t l y so lved by s t a n d a r d i z a t i o n , the f u l l 
b e n e f i t s expected from such systems do not m a t e r i a l i z e because t h i s t e c h n i -
c a l view over looks the n e c e s s i t y of adequate o r g a n i z a t i o n a l i n t e g r a t i o n by 
s t r u c t u r a l and methodo log ica l measures l i k e changes i n pa t te rns of task 
and work o r g a n i z a t i o n , new s k i l l p r o f i l e s or group technology, 
j u s t - i n - t i m e , t o t a l qua l i t y con t ro l r e s p e c t i v e l y . Evidence suggests that 
f a r more than h a l f of the bene f i t s of i nnova t i on come before the t e c h -
nology ( i n t h i s case FMS) i t s e l f i s implemented. 
In order to ach ieve an in teg ra ted technology embedded i n an i n teg ra ted 
o r g a n i z a t i o n , a manufactur ing s t ra tegy i s needed being i t s e l f l i n k e d to an 
o v e r a l l bus iness s t r a t e g y . Such a s t ra tegy has to take a l l par ts of the 
manufactur ing process i n to account ra the r than to focus on the produc t ion 
area a lone . 
In a more s p e c i f i c view G. Lay o u t l i n e s the b a s i c components and data ex-
change i n t e r f a c e s f o r implementing CTM c o n s i d e r i n g the i s l a n d s of computer 
a p p l i c a t i o n s a l r e a d y grown w i t h i n t i e borders of f i r m departments. 
Al though the t rend towardn t e c h n i c a l i n t e g r a t i o n of d i f f e r n t computer 
systems i s i n e v i t a b l e , i t never the less appears p o s s i b l e to combine t h i s 
t e c h n i c a l p o t e n t i a l of CIM w i th o r g a n i z a t i o n a l s t r u c t u r e s that favour 
h o l i s t i c job s t r u c t u r e s and q u a l i f i c a t i o n p r o c e s s e s . 
Such human cent red CIM concepts have to meet c e r t a i n requi rements, 
however. These a r e , b r i e f l y mentioned, î d e c e n t r a l i z e d system a r c h i t e c t u r e 
w i th a d i s t r i b u t e d data bass and wi th sof tware modules that support humans 
to take i n i t i a t i v e and make dec i s i ons l o c a l l y where the r e a l working p ro-
cess i s go ing on. Fur thermore, such i n teg ra ted systems have to be equipped 
w i t h \ a common human-machine i n t e r f a c e . Th is k i nd of system a r c h i t e c t u r e 
promises to be compat ib le v i t h a work o r g a n i z a t i o n that prov ides h o l i s t i c 
job s t r u c t u r e s ( e . g . i n the form of s o - c a l l e d d e s i g n , p lann ing and pro-
duc t i on i s l a n d s ) . 
Looking at the s t a t e of the a r t , the market supp ly o f computer systems f o r 
manufactur ing p a r t i c u l a r l y s u f f e r s front u n s u f f i c i e n t common data s t r u c -
t u r e s , i n a p p r o p r i a t e human-nachine i n t e r f a c e s and i n f l e x i b l e data exchange 
i n t e r f a c e s . For human CIM concepts , t h in has to be overcome by a d d i t i o n a l 
R&D as i l l u s t r a t e d i n more d e t a i l by :he example of geometr ic data ex-
change between CAD and shop f l o o r prograoming. 
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Looking at p roduc t i on p lann ing and c o n t r o l i n s m a l l batch p roduc t ion , F. 
Man3ke po in t s out that the use of computers i n t h i s area a l lows f o r the 
f i r s t time a c e n t r a l i s t i c c o n t r o l over p roduc t i on , but as compared w i th 
Tay lo r i sm ( tha t never succeeded i n this type of p roduct ion) i n a rathe l'-
i n d i r e c t approach wi thout p r e s c r i b i n g d e t a i l e d i n s t r u c t i o n s fo r the work 
process i t s e l f . Th i s s t i l l being hidden from the p .anners ' eyes, the 
a l l o c a t i o n of s m a l l e r volumes of work, lo re e x a c t l y determined complet ion 
times together w i th comprehensive data c o l l e c t i o n and l e s s d i s r u p t i o n by-
b e t t e r p lann ing of p e r i p h e r a l a c t i v i t i e s have now become p o s s i b l e con-
s t r i c t i n g the w o r k e r s ' autonomy. 
There a r e , however, d i f f e r e n t types of p roduc t ion p lann ing and c o n t r o l 
systems i n use : c e n t r a l i s t i c p lann ing and job sequencing versus shop f l o o r 
p lann ing w i t h i n the frame of c e n t r a l l y con t ro l l ed order p o o l s . The l a t t e r 
recogn izes that many d e t a i l s of the p roduc t ion process (above a l l the 
d i s tu rbances ) are i n a c c e s s i b l e to c e n t r a l p lann ing and, t h e r e f o r e , regards 
the workers as necessary ac to rs i n the system. In t h i s v iew, management 
leaves them a l i m i t e d margin f o r d i s p o s i t i o n wi thout l o s i n g c o n t r o l over 
p roduc t ion as a whole. I t a l s o appears to be compat ib le w i th new forms of 
s k i l l e d work ( l i k e p roduc t ion i s l a n d s e t c . ) . 
H . - J . Braczyk e x p l a i n s , based on i n q u i * i e s of the garment i n d u s t r y , the 
need f o r a d i f f e r e n t i a t e d cons ide ra t i on of s t r a t e g i c opt ions i n the use of 
technology. Manufac tur ing technology i m p l i c i t l y con ta ins p r e s c r i p t i o n s on 
how to use them. Al though a l l system c o n f i g u r a t i o n s aim at ga in ing more 
f l e x i b i l i t y i n p r o d u c t i o n , some types do prov ide o p p o r t u n i t i e s f o r task 
d e f i n i t i o n s on h i ghe r q u a l i f i c a t i o n l e v e l s and w i th more room fo r 
d i s p o s i t i o n , wh i l e o thers do not ( i . e . "some techno log ies are more equal 
than o t h e r s " ) . 
In the garment i n d u s t r y no communicaticn at a l l e x i s t s between the supp-
l i e r s and the users on what k ind of technology should be developed. Con-
sequent l y , s u p p l i e r s develop manufactur ing technology accord ing to t h e i r 
own imag ina t ion about the most s u i t a b l e means to meet market requi rements. 
There fo re , the t e c h n i c a l l y embedded opt ions f o r work des ign depend on the 
s u p p l i e r ' s v iew: the more he be l i eves i n Tay lo r i sm the more he w i l l des ign 
the technology i n favour of t e c h n i c a l l y prov ided f l e x i b i l i t y at the ex-
pense of o r g a n i z a t i o n a l f l e x i b i l i t y . 
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At l e v e l f i v e , M. Corbet t po in ts out that desp i t e the v i s i o n of 
" p e o p l e - l e s s " p roduc t ion systems, as a concequence of which the 
i n c o r p o r a t i o n o f human f a c t o r s i n the des ign of p roduc t ion technology i s 
becoming i n c r e a s i n g l y redundant, t h i s w i l l remain an important task of 
system d e s i g n . A l l " t e c h n o c e n t r i c " attempts to des ign r e l i a b l e systems 
without human opera t ion cannot but f a i l , s ince they over look three bas i c 
i r o n i e s of system d e s i g n : f i r s t l y , that the human element regarded as the 
major source of unce r t a i n t y and, hence, to be e l im ina ted i s s t i l l needed 
to cope w i th the unce r t a i n t y caused by unforeseen d i s t u rbances , secoundly , 
that the d i s i g n e r t r y i n g to e l im ina te the opera tor s t i l l needs him to do 
the tasks which he cannot th ink how to automate, and t h i r d l y , that ge t t i ng 
r i d of u n r e l i a b l e humans means, due to the incomprehensib ly complex s o f t -
ware needed, becoming dependent on u n r e l i a b l e systems. 
The a l t e r n a t i v e , " an th ropocen t r i c " approach to system design recogn izes 
the incomparable, but p o s s i b l y complementary a b i l i t i e s of the computer and 
the human mind ( e . g . formal a n a l y s i s and storage and computat ion capac i t y 
versus syn thes i s and i n t u i t i v e reason ing ) . I t i d e n t i f i e s three key choice 
po in ts i n des ign : the a l l o c a t i o n o f func t ions between human and machine, 
the c o n t r o l c h a r a c t e r i s t i c s of the human-machine i n t e r f a c e , and the i n -
fo rma t iona l c h a r a c t e r i s t i c s o f the human-machine i n t e r f a c e . 
In order to des ign the i n t e r a c t i o n between human and computer i n a way 
that humans can a c t i v a t e t h e i r s p e c i f i c a b i l i t i e s , i t must be viewed as a 
s o c i a l i n t e r a c t i o n between operator and des igne r , i n which the des igner 
se t s the cond i t i ons f o r the o p e r a t o r ' s a c t i n g . The re fo re , i t turns outj to 
be a key i ssue to develop c o l l a b o r a t i v e des ign methods, where workers jean 
b r i ng i n t h e i r p r a c t i c a l exper ience from the working p rocess . ,' 
í 
i 
A number of recommendations f o r f u r t h e r a c t i o n s , ma in ly i n the f i e l d of 
R&D have been drawn from a l l these papers. They are l i s t e d as par t three 
of t h i s volume i n the order of the same l e v e l s of c o n s i d e r a t i o n . 
K a r l s r u h e , January 1987 P e t e r Brbdner 
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1. G l o b a l Compe t i t i on : T r i a d Trends 
Dur ing the l a s t two decades we witnessed dramat ic changes on the wor ld 
markets . The markets f o r i n d u s t r i a l consumer goods and, consequent ly , 
those f o r c a p i t a l goods too, s h i f t e d from steady expansion to t e n d e n c i a l 
s t a g n a t i o n . For some c a p i t a l goods, t h i s tendency may appear to be even 
en fo rced , as the example of the machine too l i ndus t r y demonstrates, by the 
ci rcumstance that the performance per un i t of t h e i r products i nc reases 
f a s t e r than t h e i r f u n c t i o n a l i t y by va lue . 
Th is l a s t i n g g l o b a l t rend w i l l not be a f f ec ted by the la rge p o t e n t i a l of 
u n s a t i s f i e d needs i n the develop ing c o u n t r i e s , s i nce the terms of t rade i n 
genera l and t h e i r immense indebtedness i n p a r t i c u l a r h inder them to turn 
the needs i n t o spending power f o r i n d u s t r i a l goods f o r a long time to 
come. Thus, the wor ld markets are and w i l l remain cons t ra ined to the 
h i g h l y i n d u s t r i a l i s e d areas and so c a l l e d th resho ld coun t r i es compr is ing 
the areas of Nor th Amer ica, Western Europe and South-Ea3t A s i a (the 
Comecon coun t r i es be ing only s l i g h t l y t i e d up, see F i g . 1 ) . 
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The o v e r a l l low growth ra tes on these l i m i t e d markets i n d i c a t i n g the 
change from expansion to s tagna t ion have the e f f e c t that compet i t ion a l so 
changes i t s cha rac te r from supp ly ing expanding market sha res , where the 
s u p p l i e r s were ab le to set the cond i t i ons to a l a rge ex ten t , over to 
d i s p l a c i n g compe t i t o rs , whereby coBtumers ga in the power f o r by ing pro-
ducts adapted to t h e i r needs. Under these new market cond i t i ons of com-
p e t i t i o n by d isp lacement , p r i c e and q u a l i t y of u n i f i e d products are no 
longer the on ly asse ts to win the race . The a b i l i t i e s to adapt the pro-
ducts to customer requirements wi th i n c r e a s i n g v a r i e t y and yet to guaran-
tee shor t d e l i v e r y t imes are becoming ra the r more important compet i t ive 
f a c t o r s . Th is has , i n t u rn , great impact on the i n t e r n a l cond i t i ons of 
ope ra t i on of the e n t i r e manufactur ing p rocess , as to be shown below. 
The t r i a d reg ions of compet i t i on happen to have cons ide rab l y d i f f e r e n t 
i n d u s t r i a l s t r u c t u r e s . With respect to p r o d u c t i v i t y , product mix, pro-
duc t i on p rocesses , s k i l l p r o f i l e s and i n d u s t r i a l r e l a t i o n s , these d i f f e r -
ences can be b r i e f l y c h a r a c t e r i z e d as f o l l o w s . 
The reg ion of Nor thern Amer ica, predominant ly formed by the rap id i n -
d u s t r i a l i z a t i o n process i n the No r th -Eas t , developed a most s o p h i s t i c a t e d 
mass p roduc t ion due to the huge and r a p i d l y expanding home market. Hand i n 
hand w i th t h i s , a most e f f e c t i v e machinery and machine t o o l i ndus t r y 
d e l i v e r i n g c a p i t a l goods of h igh performance arose and developed. Since 
the ma jo r i t y of the workforce was u n s k i l l e d or at l e a s t not used to metal 
working (many workers had been r e c r u i t e d among the b lack from the South or 
among the immigrants from Europe) , but showed the more w i l l f u l n e s s , s t rong 
methods to get and keep c o n t r o l over p roduc t ion and to achieve pe r t i nen t 
i 
and t ime ly work had to be e s t a b l i s h e d . Thus, i t i s w i th necess i t y ra ther 
than by chance that Tay lo r i sm and Fordism o r i g i n a t e d i n the USA, spread 
w ide l y i n t h i s reg ion and became the p r e v a i l i n g paradigm of p roduc t ion fo r 
the i n d u s t r i a l wo r l d . In recent yea rs , the pa t t e rn changed cons ide rab l y , 
however. The d e c l i n e of p r o d u c t i v i t y ( the annual growtii ra tes of p roduc t i v -
i t y i n i ndus t r y decreased from an average l e v e l o f 2 .8 i n the s i x t i e s to 
0 .7 i n the e i g h t i e s , Dumas 1986) i n d i c a t e s that - f o r a v a r i e t y of reasons 
- there i s a process of d e i n d u s t r i a l i z a t i o n going on i n favor of the s e r -
v i c e sec to r and that p roduc t ion loses compet i t i veness (cameras, c a r s , com-
p u t e r c h i p s , machinery, machine t o o l s , recorders be ing w e l l known examples 
f o r t h i s ) . 
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In the reg ion of South-East A s i a economica l ly dominated by Japan, the i n -
d u s t r i a l r i s e occurred s u b s t a n t i a l l y l a ;er and, i n Japan, became re levan t 
f o r g l o b a l compet i t i on not before the r e c o n s t r u c t i o n phase a f t e r World War 
I I . In recent years i t was fo l lowed by th resho ld coun t r i es l i k e Korea or 
Taiwan w i th s i m i l a r development pa t t e rns . D r i ven by the r e l a t i v e l y la rge 
home markets, i t was a l so based on mass p roduc t ion p r i n c i p l e s , but d e v e l -
oped i n a d i f f e r e n t i n d u s t r i a l s t r uc tu re mod i f ied by i t s own s p e c i f i c i n -
d u s t r i a l r e l a t i o n s (Toyotism ins tead of Ford ism, Dohse and others 1984). 
Wi th w e l l ta rgeted campaigns, the huge advanced mu l t i bus iness companies 
from t h i s reg ion a t tacked t h e i r w e l l e s t a b l i s h e d compet i tors i n Europe and 
the USA. They normal ly had two economic asse ts a t hand: lower costs and 
h i ghe r p r o d u c t i v i t y of t h e i r product ion processes due to a work o rgan i z -
a t i o n w i th much l e s s d i v i s i o n of labour and h i g h l y s k i l l e d work f o r c e , but 
s t i l l us ing economies of sca le ( e . g . cameras, cars low cos t standard NC 
l a thes and machining c e n t e r s ) . Very r e c e n t l y , however, t h e i r successes 
seem to l ose momentum, s i nce the economics of p roduc t i on they -are based on 
get i n c o n f l i c t w i th the requirements of compe t i t i on on s tagna t ing mar-
k e t s . 
A l though the economic reg ion of Western Europe i s very heterogeneous wi th 
respec t to i n d u s t r i a l s t r u c t u r e s , s k i l l p r o f i l e s and i n d u s t r i a l r e l a t i o n s , 
a t l e a s t some genera l statements can be made. I t s i n d u s t r i a l core ( i . e . 
Eng land, FRG, Nor thern I t a l y , Sweden, Sw i t ze r l and w i th the except ion of 
Benelux and France being extremely d i f f e r e n t ) developed along the l i n e s of 
a d i f f e r e n t p roduc t ion paradigm. S ince i n t h i s a rea the i n d u s t r i a l r i s e 
was t i e d to manufactur ing c a p i t a l goods ra the r than consumer goods, the 
o rder bound manufactur ing processes w i th sma l l batch p roduc t ion have been 
dominant from the very beginn ing (e . ?. Germany ' s i n d u s t r i a l r i s e was 
founded on machinery, i n c l u d i n g machine t o o l s , and on chemical i n d u s t r y ; 
even today the p roduc t ion of c a p i t a l goods w i th appr . 25 % i s much more im-
por tan t than the a l ready huge car i ndus t r y w i t h 17 % of t o t a l i n d u s t r i a l 
p r o d u c t i o n ) . The home markets being s p l i t among the n a t i o n a l i t i e s , che 
core of the European i n d u s t r y , thus, developed a s p e c i f i c a b i l i t y f o r 
adapt ing i t s products to the requ i reuents of i t s users ( " t a i l o r made 
machinery") and a c c o r d i n g l y es tab l i shed f l e x i b l e manufactur ing processes , 
Schultz-Wild (1987): Transformation Conditions of Future Factory Structures: Technology, Organization, Education and 
Vocational Training
the p r o d u c t i v i t y o f which i s even then ranging halfway between that o f USA 
and Japan (see Table 1). Hand i n hand w i th t h i s European i n d u s t r i a l e v o l -
u t i o n , r ega rd l ess o f a l l n a t i o n a l d i f f e r e n c e s , a more or l e s s h i g h l y 
s k i l l e d work fo rce emerged together w i th i n d u s t r i a l r e l a t i o n s s e t t i n g i n 
one way or another favourab le cond i t i ons f o r hand l ing the t e c h n o l o g i c a l 
change i n s o c i a l l y s u i t a b l e forms. 
Table 1 : Annual i nc rease of manufactur ing p r o d u c t i v i t y ( i n annual output 
of manufactur ing per employee-hour) i n USA, Japan and FRG from 
1965 to 1979 
USA 2.3 percent 
Japan 13-7 percent 
FRG 7.3 percent 
(Source : Melman, 1983 p. 164) 
Cons ide r ing the s p e c i f i c s t rengths and weaknesses o f the i n d u s t r i a l s t r u c -
tures i n these roughly sketched t r i a d economic reg ions w i th respect to 
fu tu re market requ i rements , the compet i t iveness of the Japanese i ndus t r y 
appears to be c l e a r l y ahead of that of the USA. The much sma l l e r extent of 
d i v i s i o n of labour combined w i th the h igher l e v e l of s k i l l p r o f i l e s keeps 
p r o d u c t i v i t y i nc reases comparat ive ly h igh and makes i t e a s i e r to cope w i th 
rap id i n n o v a t i o n . T h i s , at l e a s t , i s v a l i d so f a r as h igh volume pro-
duc t i on w i t h i t s economies of sca le i s concerned and so long as t h i s type 
of manufactur ing w i l l s t i l l correspond to market requ i rements . On the 
other hand, the Japanese i n d u s t r i a l system has (ye t? ) on ly r e l a t i v e l y 
l i t t l e exper ience w i t h h i g h l y f l e x i b l e order bound manufactur ing (even 
t h e i r machine t o o l i n d u s t r y be ing no e x c e p t i o n ) . 
With t h i s r e s p e c t , the European i n d u s t r i a l core might p o t e n t i a l l y even be 
b e t t e r o f f a t l e a s t as f a r as those pa r t s of i t are concerned that have 
long exper ience w i th " f l e x i b l e s p e c i a l i z a t i o n " ( P i o r e and Sabe l 1984), an 
appropr ia te f l e x i b l e p roduc t ion system and a s k i l l e d work fo rce at t h e i r 
d i s p o s a l . To the extent to which the s tagna t i on t rends on the wor ld 
markets and, hence, compet i t i on by d isp lacement p r e v a i l , E u r o p e ' s com-
p a r a t i v e l y favourab le p o s i t i o n tends to become even more s u p e r i o r , wh i le 
the i n d u s t r i a l system of the USA w i l l be f u r t h e r l o s i n g p roduc t ion com-
petence due to a m is l ed technology and wasted human resources (Melman 
1983). 
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The p o t e n t i a l s u p e r i o r i t y can be t ransformed, however, i n t o r e a l compet i -
t i v e power, i f and on ly i f the d e c i s i o n makers at a l l l e v e l s become aware 
of t h i s s i t u a t i o n and r e a l i z e that they have to develop fu tu re manufac-
t u r i n g techno logy , work o r g a n i z a t i o n ar.d s k i l l p r o f i l e s accord ing to the 
s p e c i f i c requirements of ' f l e x i b l e s p s c i a l i z a t i o n " o r , l ook ing at h igh 
volume p r o d u c t i o n , to those of " d i v e r s i f i e d q u a l i t y p roduc t ion" ( t h i s 
be ing a hard l e s s o n to l ea rn f o r some coun t r i es and i n d u s t r i e s , o f 
c o u r s e ) . Instead of merely i m i t a t i n g Japan, i t i s necessary f o r s u r v i v a l 
to develop Eu rope ' s own ma lu fac tu r ing technology su i t ed to i t s own needs. 
The f a c t o r y of the fu tu re i s at a c r o s s - r o a d s . (Brodner 1986, P i o r e and 
Sabel 1984, Sorge and St reeck 1986). 
2 . Economics o f P roduc t i on 
2.1 I n t e r n a l Cond i t i ons o f Opera t ion : 
The s u b s t a n t i a l s h i f t on the wor ld markets from expansion to s t agna t i on 
has a s t rong impact on the i n t e r n a l cond i t i ons of opera t ion i n p roduc t ion 
p rocesses . They now have 
o to become h i g h l y f l e x i b l e w i th both respects a l t e r a t i o n s of products 
and process i n n o v a t i o n s , 
o to i nsu re at the same time h igh performance of the machinery and 
h igh p r o d u c t i v i t y , and to cut down lead t imes and work i n p rogress , 
o to enable en larged q u a l i t y and f u n c t i o n a l i t y of the p roduc ts . 
However, the e x i s t i n g p roduc t ion s t r u c t u r e s as they have developed u n t i l 
today c o n t r a d i c t these new requirements i n one way or another . 
Accord ing to recent r e s u l t s of a more sys temat ic a n a l y s i s of the r e l a t i o n -
sh ip between t e c h n i c a l change, work o r g a n i z a t i o n , s k i l l p r o f i l e s and the 
impact of product markets, these are l o o s e l y coupled only by some degree 
of a f f i n i t y r a the r than be ing complete ly determined by each o the r . Ne i the r 
does a g i ven product and i t s market determine the technology to produce i t 
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nor does technology determine work o r g a n i z a t i o n o r s k i l l p r o f i l e s . Hence, 
there always i s room f o r s t r a t e g i c cho ices f o r p roduc ts , technology and 
work o r g a n i z a t i o n . The under l y ing d e c i s i o n space f o r a l t e r n a t i v e product 
s t r a t e g i e s can be descr ibed by main ly two v a r i a b l e s : the type of 
compet i t i on to which they are exposed and the volume i n which they are 
produced. These d i v i d e produc t ion in to s tandard ized p r i c e - c o m p e t i t i v e and 
customized q u a l i t y - c o m p e t i t i v e product ion on one s i d e , and low and h igh 





















Fig. 2 : A simple c lassi f icat ion of product strategies 
With respect to t h i s scheme, t r a d i t i o n a l p roduc t ion concepts e i t h e r f a l l 
i n t o the c e l l o f low-volume product ior . of customized q u a l i t y - c o m p e t i t i v e 
goods (order bound product ion) or i n t o the c e l l o f high-volume product ion 
of. s tandard ized p r i c e - c o m p e t i t i v e goods (Ford ism Toyot ism) . With the 
advent o f h igh performance EDP the ranga of op t ions f o r product s t r a t e g i e s 
was cons ide rab l y widened. I t s most important impact i s that the new type 
of high-volume p roduc t ion of cus tomiz jd q u a l i t y - c o m p e t i t i v e goods ( e . g . 
German or Swedish ca r i n d u s t r y ) , c r i n sho r t " d i v e r s i f i e d q u a l i t y 
p roduc t ion" w i th the p o t e n t i a l of economies of scope has been made pos-
s i b l e , l e t a lone tha t the s t ra tegy of " f l e x i b l e s p e c i a l i z a t i o n " e x p e r i -
ences a quantum leap towards improved r e n t a b i l i t y and compet i t iveness or 
that t r a d i t i o n a l mass p roduc t ion can move towards s m a l l e r ba tches . 
Al though these d i f f e r e n t types of p r o i u c t i o n w i l l most probably coex i s t 
f o r a long time to come, the main focus of t h i s and the f o l l o w i n g papers 
i s on sma l l batch p roduc t ion f o r the s t -a teg ic reasons d iscussed above. 
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Past development of s m a l l batch product ion can be b r i e f l y c h a r a c t e r i z e d by 
three s tages : I n the f i r s t s tep labor was h o r i z o n t a l l y d i v i ded accord ing 
to the concepts of Smith and Babbage making i t p o s s i b l e to g radua l l y use 
machines. In the second step T a y l o r ' s p r i n c i p l e s prov ided p lann ing to be 
separated from e x e c u t i n g . The t h i r d s tep deepened t h i s v e r t i c a l d i v i s i o n 
o f labour by i n t r oduc ing NC-machines and making programming an a d d i t i o n a l 
subtask of p l ann ing . Each of these ha\e been caused by the p o l i t i c a l -
economic prospects of be t t e r c o n t r o l of p roduc t i on , h igher p r o d u c t i v i t y 
and lower cos ts ra the r than by t e c h n i c a l n e c e s s i t i e s . 
The r e s u l t of t h i s i s the h i g h l y d i f f e r e n t i a t e d job shop manufactur ing 
process w i th very complex des ign , p l ann iag , and c o n t r o l tasks that we now 
have. Th is way of o rgan i z i ng batch p roduc t ion shows se r i ous drawbacks, 
however, such as long and v a r i a n t throughput t imes , an unfavourable r a t i o 
o f i n d i r e c t l y to d i r e c t l y product ive workers, and low q u a l i t y of work 
(be ing f a r b e t t e r than i n mass p roduc t ion , however). 
In p a r t i c u l a r , there are three s u b s t a n t i a l economic d i f f i c u l t i e s the 
f a c t o r y of today has to contend w i th 1 ) . 
F i r s t l y , there i s the con t i nua l inc rease of the c a p i t a l i n t e n s i t y of the 
f a c t o r y equipment which compels the management to make b e t t e r use of i t 
(see F i g . 3 ) . 
Second ly , the very long and va r i an t lead times caused by the f u n c t i o n a l 
p r i n c i p l e of job shop manufactur ing g ive r i s e to h igh expenses f o r work i n 
progress (see F i g . 4 ) . 
T h i r d l y , the mis led r a t i o of 144 i n d i r e c t to 100 d i r e c t workers i n the ave-
rage i n the German machine indus t ry ca i ses too h igh personnel expenses, 
s i nce w e l l o rgan ized f i rms wi th comparable products demonstrate that the 
r a t i o o f 90 to 100 i s l a r g e l y s u f f i c i e n t . 
In order to surmount these d i f f i c u l t i e s , b a s i c l y two opposing product ion 
concepts have emerged be ing b r i e f l y cha rac te r i zed below (Brbdner 1985). 
1) Cum grano s a l i s , the f o l l o w i n g data f::om the German machine i ndus t r y 
seem to apply f o r o ther European coun t r i es as w e l l . 





















































































































































































































































































































































































































































































































































































Schultz-Wild (1987): Transformation Conditions of Future Factory Structures: Technology, Organization, Education and 
Vocational Training
2.2 The Technology Centred Approach - The "Unmanned F a c t o r y " : 
Th is approach leaves the bas i c job shop s t r u c t u r e o f the produc t ion p r o -
cess unchanged and fo l l ows the same fundamental ob j ec t i ves as i n the pes t : 
to reduce d i r e c t labour costs and to ga in be t t e r c o n t r o l over the p ro-
duc t i on process (Sigisraund 1982). 
A p p l i e d to the shop f l o o r , management attempts to almost complete ly 
automate s e t t i n g and opera t ing func t ions f o r the machine t oo l s and hand-
l i n g systems. The a c t i v i t i e s focus on automatic part and t oo l change, 
measuring dev ices and moni tor ing systems. They a r e , of course , l i m i t e d by 
the r a p i d l y growing cos ts f o r t h i s equipment. Al though f u l l y automatic 
ope ra t i on might be temporar i l y p o s s i b l e , there s t i l l remain gaps to be 
f i l l e d by human o p e r a t o r s . 
The l a r g e s t p o t e n t i a l of r a t i o n a l i z a t i o n l i e s i n the t e c h n i c a l o f f i c e , 
though, where many but more or l e s s separated attempts have a l ready been 
made to automate par ts of the immense in fo rma t ion p rocess ing work (which 
can e a s i l y exceed h a l f of the t o t a l amount of l a b o u r ) . S ince the use of 
computers requ i res a n a l y t i c a l models of the process i n q u e s t i o n , by means 
of which ob jec ts and sequences of work can be desc r ibed as da tas t ruc tu res 
and a l g o r i t h m s , t h e i r a p p l i c a t i o n s t a r t ed i n areas being eas i es t ac -
c e s s i b l e or p romis ing the l a r g e s t economic e f f e c t s , e . g . d r a f t i n g , process 
p l a n n i n g , i nven to ry c o n t r o l , and schedu l i ng . A l l these systems helped a 
l i t t l e to save time and c o s t s , but d id not improve the s i t u a t i o n fundamen-
t a l l y , p a r t i c u l a r l y as t h e i r seperated development and a p p l i c a t i o n make i t 
ve ry c o s t l y , i f a t a l l p o s s i b l e , to i n t eg ra te them (Sigismund 1982). 
C o i n c i d i n g w i th the broad d i s s i m i n a t i o n of t h i s k ind of CAD and CAM 
systems, a new p o l a r i z a t i o n of q u a l i f i c a t i o n occu rs . In order to use them 
e f f e c t i v e l y , ob jec ts and sequences of work become extremely fo rma l i zed and 
a t the lower end the u s e r ' 3 work l oses important par ts of i t s former 
competences f i n d i n g new c o n s t r a i n t s by the s y s t e m ' s fo rmal ism, whi le at 
the upper end the work of on ly few p lann ing and ma in ta in ing the sys tem's 
use requ i res broad q u a l i f i c a t i o n . In a d d i t i o n , f u n c t i o n a l d i f f e r e n t i a t i o n 
leads to f u r t h e r d i v i s i o n of mental labour w i th s i m i l a r e f f e c t s ( B e i t z 
1983, Benz-Overhage and others 1984, H i r s c h - K r e i n s e n 1984, Wingert and 
o thers 1984). 
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The repeated and fault i n t e n s i v e input o f the same data i n d i f f e r e n t 
f unc t i ons demands i n t e g r a t i o n of computer a s s i s t a n c e . Due to the h igh 
degree of formalized and concreted knowledge, more f unc t i ons of mental 
work have become a c c e s s i b l e fo r computers. Thus, the present s ta te shows 
the n e c e s s i t y as well as i t holds the p r e r e q u i s i t e to c rea te a computer 
i n teg ra ted manufactur ing (CIM) system. I t has to comprise at l e a s t three 
bas i c d e v i c e s : 
- a common data base w i th which a l l f u n c t i o n a l programs may i n t e r a c t , 
s ince most data are used i n seve ra l f u n c t i o n a l a r e a s , 
- a data highway to l i n k subsystems, s i nce a CIM system w i l l be w ide l y 
d i s t r i b u t e d , 
- da ta exchange i n t e r f a c e s , s ince both u s e r s ' and s u p p l i e r s ' demands 
requ i re to be ab le to l i n k subsystems o f d i f f e r e n t o r i g i n . 
I n t e g r a t i o n i s not the. only issue of the technology centered s t r a t e g y , 
though. Others are to c rea te knowledge based and exper t systems f o r use i n 
a l l key areas of p roduc t ion i n pe rspec t i ve of the coming of f i f t h gen-
e r a t i o n computers. There are mainly two mot ives behind t h i s : one i s the 
management's fear that - as most human l a b o r has been reduced to low grade 
func t i ons except f o r a few h igh grade exper ts - conven t iona l programs 
might not be ab le to cope w i th complex and changing s i t u a t i o n s ; the other 
one i s i t s wi3h to have the expensive human e x p e r t s ' knowledge at i t s own 
d i s p o s a l . A l though t h i s development i s accompanied w i th great hopes 
s t i r r e d up by the " a r t i f i c i a l i n t e l l i g e n c e " community (Feigenbaum and 
McCprduck 1985), i t i s ra the r quest ionab le whether i t w i l l ever achieve 
what i t promises (Dreyfus 1979). 
At the end of t h i s f a r reaching development an i n t eg ra ted computer system 
on the one hand and a dismembered work s t r u c t u r e on the other w i l l be 
found. Most of the p roduc t ion knowledge w i l l then be incorpora ted i n the 
computer system, wh i l e the workers ' q u a l i f i c a t i o n s w i l l waste away, s ince 
they are not used any l onge r . 
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The concept o f the "unmanned fao to ry " runs i n t o s e v e r a l severe d i f f i c u l -
t i e s , however, l e t t i n g i t s success appear to be ra the r ques t i onab le . 
F i r s t l y , the ext remely h igh expenses ana r i s k s , e s p e c i a l l y caused by the 
sof tware needed, get i n c o n f l i c t w i th the f i n a n c i a l power of the many 
sma l l and medium s i z e d f i r m s . Despi te t a e i r growing economic impor tance, 
they would be bypassed by the development. 
Secondly , f i rms f o l l o w i n g t h i s s t ra tegy would s u f f e r from r e l a t i v e i n -
f l e x i b i l i t y w i th both respects a l t e r a t i o n of batches and process innova-
t i o n . Th is i s due to the f a c t that every change of a customer order or of 
a p iece of p roduc t i on equipment has f i r s t to be modelled i n the computer 
system. In the long run the f i r m might even l ose i t s i nnova t i ve c a p a b i l -
i t y , s i nce p roduc t i on knowledge and c r e a t i v i t y on the human s ide have been 
wast ing away over t ime. A l l t h i s i s i n con t ras t to market requi rements. 
T h i r d l y , e x i s t i n g s k i l l s ( e s p e c i a l l y i n Germany a very important resource) 
would be r e j e c t e d , wh i le s k i l l s which do not e x i s t would be r e q u i r e d . In 
o rder to avo id these d i f f i c u l t i e s , i t seems necessary to look f o r an a l t e r -
na t i ve approach. 
2 .3 The Human Cent red Approach - S k i l l Based Manufactur ing 
The human cent red approach i s based on complete ly d i f f e r e n t p r i n c i p l e s o f 
o r g a n i z i n g s m a l l ba tch p roduc t i on . By s p l i t t i n g orders ins tead of d i v i d i n g 
l abou r , job shop manufactur ing wi th i t s fundamental drawbacks can be 
changed i n to group manufactur ing where part f a m i l i e s are manufactured i n 
t h e i r e n t i r e t y . 
Group technology p r i n c i p l e s can be impleir.ented i n four major stages acco rd -
i ng to the main o r g a n i z a t i o n a l aspects shown i n F i g . 5 (Ahlmann 1980, M i -
trofanów 1980, Warnecke and others 1980, Wi l l i amson 1972). 
In many cases management f e e l s content w i th s t r u c t u r i n g the f i r m ' s e n t i r e 
par t spectrum i n t o par t f a m i l i e s ( f i r s t s tage) only i n order to ga in more 
t ransparency and b e t t e r c l a s s i f i c a t i o n fo r the geometr ic and manufactur ing 
data pools (d rawings , par t l i s t s , process p l a n s ) . However, the idea of 
group technology o b v i o u s l y denotes a g e r e r a l o r g a n i z a t i o n a l concept ra ther 
than a s i n g l e techn ique . 
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I f the o r g a n i z a t i o n a l changes are r e s t r i c t e d to the a p p l i c a t i o n of the 
f i r s t p r i n c i p l e a l o n e , the economic e f f e c t s that can be achieved at a l l 
are by f a r not exhausted. On the con t ra r y , i t can be expected from ex-
per ience w i th r e a l i z e d cases that major advantages are achieved but by 
advancing to the h ighe r stages of group techno logy . As compared to job 
shop manufac tur ing , these advantages can be c h a r a c t e r i z e d as fo l l ows (Ham 
1977, Spinas and Kuhn 1980, Warnecke and o thers 1979, W i l l i amson 1972) 
- shor t throughput t imes (t ime reduc t ion by 60 to 88 percent and 
b e n e f i t s o f 44 to 60 percent f o r i n -p rocess inven to ry have been 
repo r ted ) , 
- r i c h job content and wide margins of a c t i o n ( reduc ing s t r e s s and 
c h a l l e n g i n g the wo rke r ' s s k i l l s ) , 
- easy p roduc t ion p lann ing and c o n t r o l ( s i n c e each p roduc t ion i n s u l a 
can be regarded as a s i n g l e uncoupled u n i t ) . 
The main d e f i c i e n c y i s the unbalanced u t i l i z a t i o n o f machining c a p a c i t y . 
However, t h i s can be m i t i ga ted i n i t s economic e f f e c t s i f capac i t y r e -
quirements are o r i en ted a t f u l l load of the most expensive p iece of equ ip -
ment and i f l i m i t e d c ross u t i l i z a t i o n of i d l e c a p a c i t i e s between produc-
t i o n i n s u l a s i s a l l owed . The ex t ra cos ts f o r h i ghe r q u a l i f i c a t i o n of the 
whole working team as compared to s p e c i a l i z e d workers i s e a s i l y compensa-
ted by the other b e n e f i t s of group manufac tu r ing . Bes ide of these main 
advantages cons ide rab le reduct ions of se t -up t imes and improvements i n 
o v e r a l l eng ineer ing and p r o d u c t i v i t y g ive r i s e to f u r t h e r b e n e f i t s . 
In a s i m i l a r way as i t has been demonstrated f o r the manufactur ing process 
on the shop f l o o r (where the knowledge e x i s t s how to make machines) , these 
o rgan iz ing p r i n c i p l e s can a l so be app l i ed to the des ign o f f i c e (where the 
knowledge e x i s t s how to invent machines) . The des ign process being s p l i t 
up accord ing to f a m i l i e s of p roduc ts , or t h e i r modules, the des igners 
( s i n g l e or i n team work) perform the whole des ign process compr is ing tasks 
as f i n d i n g the f u n c t i o n a l s t r u c t u r e s and the d imens ions , c a l c u l a t i n g , 
s i n g l e par t des ign or geometr ic mode l l i ng . Thus, main ly two s k i l l centered 
produc t ion subsystems equipped w i th l o c a l computer a s s i s t a n c e and connec-
ted by e l e c t r o n i c data exchange w i l l be formed: p roduc t ion and des ign 
i n s u l a s . 
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In order to work e f f i c i e n t l y , these w ide ly autonomous subsystems 3 t i l l 
need some data exchange and so they have to be i n t e r l i n k e d by the bas i c 
components o f the CIM a r c h i t e c t u r e , i . e . a common data base, a data h i g h -
way, and data exchange i n t e r f a c e s ( P i g . 6 ) . However, the way how computer 
a s s i s t a n c e i s implemented d i f f e r s complete ly from the technocent r i c ap-
proach. Instead of conc re t ing and i nco rpo ra t i ng almost a l l knowledge and 
the sequences of work as f a r as poss ib l e i n the computer system, i n t h i s 
case the computer serves as a g e n e r a l , a c t u a l , and c o n s i s t e n t i n fo rmat ion 
system a l s o per forming rou t ine opera t i ons , but leaves the p lann ing of work-
ing a c t i o n s to the worke rs ' and d e s i g n e r s ' s k i l l ( these might even im-
plement there own t o o l s ) . 
A l though l a c k i n g room fo r more d e t a i l e d a n a l y s i s , a s u b s t a n t i a l inc rease 
of p r o d u c t i v i t y being expected from both p roduc t i on concepts must be 
s t a t e d . Many i n d i c a t i o n s suggest that p r o d u c t i v i t y grows even f a s t e r when 
f o l l o w i n g the human cent red development pa th . P a r a d o x i c a l l y , p roduct ion 
r e q u i r e s the l e s s quan t i t y of l abour , the more i t uses i t s q u a l i t y . Th is 
i m p l i e s a s t rong impact on employment i n genera l and on the s t ruc tu re o f 
l abour markets i n p a r t i c u l a r , e s p e c i a l l y s ince the requ i red h igh l e v e l of 
s k i l l p r o f i l e s tends to f u r t h e r segmentat ion t r ends . There fo re , combined 
coun te rac t i ons on both f i rm and s o c i e t y l e v e l have to be developed (ap-
p r o p r i a t e s k i l l fo rmat ion f o r a l l , r educ t i on o f work ing hours , e t c . ) i n 
o rder to avo id a segmented work fo rce and unemployment (Brbdner 1985). 
3 . Knowledge o f P roduc t i on 
Indépendant of the type of p roduc t i on , i t i s p e c u l i a r to a working sub jec t 
to have a concep t ion of a c t i n g i n mind before a c t u a l l y doing something. 
Th is changeable a c t i n g scheme, i n t u rn , i s generated from the w o r k e r ' s 
i n t e r n a l r ep resen ta t i ons of both h i s a c t i n g and the e f f e c t s on the ob jec t 
he c r e a t e d . I t thus becomes concreted exper ience . 
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During h i s a c t i v e engagement i n the wor ld surrounding h im, the worker per -
ce i ves those ob jec t s and, by s e i z i n g them and a c t i n g w i th them, he con-
ce ives t h e i r f u n c t i o n and r e a l i z e s the mode of a c t i o n , i n sho r t , he forms 
t h e i r concep t i on . By ac t i ng repeated ly i n s i m i l a r s i t u a t i o n s , he may 
happen to a b s t r a c t from the s p e c i f i c r e a l i t y and to recognize the genera l 
i n the s p e c i f i c . Thus, he i s ab le to g e n e r a l i z e h i s a c t i n g scheme and to 
o b j e c t i f y h i s exper ience i n the form of language, t o o l s and machines ( V o l -
per t 1984) . 
By conceptua l a n a l y s i s of h i s a c t i n g , the worker i s ab le to cons t ruc t an 
abs t rac t model of h i s genera l i zed ac t i ons compr is ing the ob jec ts and the 
ru les- to change them. Hence, machines are nothing e l s e than implemented 
theory . However, the p r e r e q u i s i t e f o r being able to do so i s that he 
recogn ises the r e c u r r i n g f ac to r s i n the changing s i t u a t i o n s . Unless he 
r e a l i z e s the genera l i n the s p e c i f i c , the exper ience he has gained i s p r i -
vate to h im. Due to t h i s " t a c i t knowledge" (Po lany i 1966) , there e x i s t s a 
b a r r i e r to o b j e c t i f y i n g the product ion knowledge, which cannot be surmoun-
ted but by e m p i r i c a l and t h e o r e t i c a l a n a l y s i s w i t h i n c e r t a i n l i m i t s , i . e. 
p roduc t ion processes can i n p r i n c i p l e not be complete ly model led . 
On the o ther hand, the a c t i n g sub jec t p e r c e i v e s , due to h i s s e n s i t i v e 
body, i n the s i t u a t i o n he i s i n any change of h i s surrounding wor ld , that 
has been growing w i th him whi le being engaged i n i t , as a whole and not as 
elements that have to be f i t t e d by r u l e s . He, t h e r e f o r e , knows to act goa l 
o r i e n t i e d l y even i n unce r ta in or i n uns t ruc tured s i t u a t i o n s . H is con-
cre ted exper ience or " t a c i t knowledge", which i s much more comprehensive 
than the r u l e based or o b j e c t i f i e d knowledge being the on ly one that can 
be implemented i n machines, forms the b a s i s f o r the unique human s t reng th 
to be. ab le to conce ive and evaluate complex s i t u a t i o n s , to make adequate 
d e c i s i o n s and to take appropr ia te a c t i o n s . 
< Whi le humans, thus , can act c r e a t i v e l y i n an unknown sur round ing , proceed-
ing unsys tema t i c l y and i n c o n s i s t e n t l y , however, owning a not very impress-
ing i n fo rma t ion p rocess ing c a p a b i l i t y , machines are bound to programs made 
by humans i n order to change t h e i r s ta te and to operate on data s t r uc tu res 
working r u l e based and c o n s i s t a n t l y , of course . In order to j o i n these 
opposing a t t r i b u t e s of humans and machines p r o d u c t i v e l y , some bas ic p r i n -
c i p l e s have to be regarded corresponding to the h i e r a r c h i c a l system of 
des ign c r i t e r i a shown i n F i g . 7 (Hacker 1978). 
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Work d e s i g n , i . e . the determinat ion o f the d i v i s i o n of l abour , o f the 
p a r t i t i o n of f unc t i ons between man and machine and of the modes of man-
machine i n t e r a c t i o n (see the l a y e r s i n F i g . 8) has to be done i n such a 
way, that i n the working s i t u a t i o n a wide margin of a c t i o n i s be ing 
preserved l e a v i n g i n i t i a t i v e , eva lua t i on and d e c i s i o n s up to the worker 
and that h i s work comprehends p lanning and execut ing t asks . So that i n 
t h i s s i t u a t i o n the computer can be used as a t o o l , i t s func t ions and i t s 
behaviour have to be complete ly t ransparen t . P a r t i c u l a r l y , i t s reac t i ons 
have to be s e l f e x p l a i n i n g and adapted to the a c t u a l working s i t u a t i o n . In 
i n t e r a c t i o n i t i s extremely important that the worker can perce ive the 
connect ion between h i s own i n t e n t i o n or a c t i o n and the e f f e c t s i t p ro -
duces. 
A c c o r d i n g l y , an appropr ia te user sur face of the t e c h n i c a l equipment i s 
needed. The man-machine i n t e r a c t i o n the re fo re has to be designed i n a way 
that i t i s 
- t ransparent and s e l f exp l a i n i ng (by use of d i r e c t ob jec t man ipu la t i on ) , 
- ad jus tab le to d i f f e r e n t degrees of u s e r ' s exper ience (p resen t ing 
f l e x i b l e d ia logue p rocedures) , 
- r e l i a b l e ( f o l l o w i n g the p r i n c i p l e "what you see i s what you have g o t " ) . 
Bes ides t h i s , the te rm ina ls and screen masks have to show co r rec t ergono-
mic shape. Looking at e x i s t i n g CADCAM systems, most of these cond i t i ons 
are not f u l f i l l e d or to an u n s a t i s f a c t o r y l i t t l e extent on l y . 
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4. P o l i t i c s o f P roduc t i on 
H i s t o r y of i n d u s t r i a l p roduc t ion i s , a t the same t ime, a h i s t o r y of the 
man i fo ld attempts of the management to get c o n t r o l over product ion p ro-
c e s s e s . At the very beginn ing of the f i r s t i n d u s t r i a l r e v o l u t i o n , when 
craf tsmen were h i r e d to work under the u n i f i e d command of a c a p i t a l i s t 
owner, they s t i l l worked i n e x a c t l y the same manner as they were used t o . 
S ince a l l knowledge of p roduct ion was at t h e i r d i s p o s a l a lone , the owner 
comple te ly depended on t h e i r good w i l l to produce something wi th the re-
qu i red q u a l i t y . 
Seen w i th the owner 's eyes , t h i s was a very u n s a t i s f y i n g s i t u a t i o n es tab-
l i s h i n g a s u b s t a n t i a l problem i n c a p i t a l i s t i c p roduc t i on , however. I t i s 
t rue tha t , by fo rce of the working c o n t r a c t , he owned the working capa-
c i t y , but that d i d not determine the m a t e r i a l form, i n which the work was 
a c t u a l l y being done or the working capac i t y was p r o d u c t i v e l y used. Since 
the p roduc t ive f o r c e s , the a b i l i t i e s to produce or c rea te something are 
not separab le from the working sub jec t , whose a b i l i t i e s are not a l i e n a b l e , 
the owner i s compel led to cooperate w i th the worker . Th is i s the bas i c 
reason f o r the i s sue of p o l i t i c s of p roduc t i on . 
The owner ' s s i t u a t i o n cou ld on ly be improved by mod i fy ing the modes of 
manufactur ing. The f i r s t b i g attempt to get more c o n t r o l over p roduc t ion 
was the h o r i z o n t a l d i v i s i o n of labour proposed by Adam Smi th . Besides the 
economic b e n e f i t s o f more output wi th l e s s cos ts he had i n mind as b a s i s 
f o r the "weal th of n a t i o n s " , the worker:! ' s p e c i a l i z a t i o n on s p e c i f i c tasks 
w i t h i n the working process had the e f f e c t that they l o s t , as time went by , 
most of t h e i r p roduc t ion knowledge i n favour of the ent repreneur , who was 
now able to set the b a s i c manufactur ing s t ruc tu re ( M a r g l i n 1977). 
In g e n e r a l , the h o r i z o n t a l d i v i s i o n al.so was the b a s i s f o r i n t roduc ing 
machines i n manufac tu r ing . The always ~ecurr ing same opera t ions the wor-
kers had to perform cou ld be e a s i l y analysed and concep tua l l y modelled 
and, thus, be o b j e c t i f i e d i n machines. Bes ides the i nc reased work p e r f o r -
mance caused by the use of machines, t i e y aga in con t r i bu ted to so lve the 
i ssue of be t t e r c o n t r o l over product ion "One great advantage which we may 
de r i ve from machinery i s from the check which i t a f f o r d s aga ins t the i n -
a t t e n t i o n , the i d l e n e s s , or the d ishonesty of human agents" (Babbage 
1835). 
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In s p i t e o f the h o r i z o n t a l d i v i s i o n of l abour and the l i m i t e d use of 
machinery, c o n t r o l over p roduc t ion s t i l l remained f u l l of gaps, s i nce 
w i t h i n the frame of d i v i d e d labour the workers cou ld act autonomously. 
Th i s was the edge where T a y l o r stepped i n and e s t a b l i s h e d h i s " p r i n c i p l e s 
o f s c i e n t i f i c management". By profound e m p i r i c a l a n a l y s i s of the worke rs ' 
opera t ions and of c u t t i n g meta ls , he became ab le to o b j e c t i f y e s s e n t i a l 
pa r t s of the p roduc t ion knowledge and, thus , to seperate p lanning from 
execut ing t a s k s . Managers were now able to p lan working processes i n -
dependent ly from the workers and to p resc r i be them, how and i n what time 
they had to perform t h e i r opera t ing t asks . L a t e r on, the i n t r o d u c t i o n o f 
p a r t l y automated machinery and of coaputer systems i n manufactur ing 
(Ford ism i n mass p roduc t i on , NC technology i n s m a l l batch p roduc t i on , 
CADCAM systems) even enlarged the p o t e n t i a l of c o n t r o l over p roduc t ion i n 
the hands of managers. 
Th i s development has i t s p r i c e , however. Manufactur ing processes a rs 
becoming more and more i n f l e x i b l e to the extent to which the worke rs ' 
autonomy and p roduc t i on exper ience are d e c l i n i n g . Th is appears obv ions l y 
i n mass p r o d c t i o n that has been e x p l i c i t l y designed f o r s i n g l e products 
w i t h few v a r i a n t s , e v e n t u a l l y . But i t a l s o ho lds f o r sma l l batch p ro -
d u c t i o n , where T a y l o r ' s p r i n c i p l e s could be a p p l i e d on l y hal fway and pro-
duced i t s un favourab le s t r u c t u r e s ( job 3hop manufactur ing w i th a s k i l l e d 
work fo rce d e s p i t e of c e n t r a l p lanning) cons idered e a r l i e r . Both types of 
manufactur ing p rocesses , the i n f l e x i b l e mass p roduc t ion and the hyb r id 
s m a l l batch p roduc t i on being p a r t l y T a / l o r i z e d , p a r t l y based on s k i l l e d 
work, are g e t t i n g i n t o c o n f l i c t w i th the new requirements of g l o b a l com-
p e t i t i o n . High f l e x i b i l i t y of manufactur ing i s incompat ib le w i th d e s k i l -
l i n g and c o n s t r a i n i n g autonomy of the workers . Hence, new product ion con-
cepts ' , w i th a l t e r e d p o l i t i c s of p roduct ion and a l t e r n a t i v e forms of con-
t r o l l i n g p roduc t ion are needed. 
The p r i n c i p l e s of group technology and autonomous working groups prov ide 
such a p roduc t ion concept . Ye t , the autonomy of p roduc t ion and design 
Ínsu las can on ly be developed w i t h i n ;he l i m i t s l e a v i n g the management 
wi thout f e a r to l o s e c o n t r o l over p roduc t ion as a whole. Con t ro l changes 
i t s form, o f cou rse . Accord ing to the technology cent red p roduc t ion con-
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cept i t used to be exe rc i sed by o b j e c t i f y i n g knowledge, by the d e t a i l e d 
working i n s t r u c t i o n s der ived from i t , and by the machine system. In con-
t r a s t , i t i s now exer ted through computer a s s i s t e d c e n t r a l p lann ing and 
s u p e r v i s i n g of p roduc t ion i n i t s e n t i r e t y , but l e a v i n g much wider margins 
of a c t i o n to l o c a l p lann ing and execu t ion , and through a performance 
p o l i c y c h a l l e n g i n g the worke rs ' competence, autonomy and r e s p o n s i b i l i t y es 
w e l l (Kern and Schumann 1984). C o n t r o l l i n g autonomy ins tead of de fea t i ng 
independence i s the i s s u e . 
5. C o n c l u s i o n : The Supe r i o r Choice 
Taking a l l these cons ide ra t i ons together , i t becomes obvious that we are 
i n a s i t u a t i o n of c h o i c e . D i f f e r e n t s t r a t e g i c opt ions f o r computer i n t e -
grated manufactur ing are at hand. T iey d e l i v e r d i f f e r e n t economic 
b e n e f i t s , of cou rse . 
Taking the problems i n to account the t e c m o l o g y centred approach i s going 
to run i n t o , the human centred one c l e a r l y shows i t s s u p e r i o r i t y w i th both 
economic and human respec t s , e s p e c i a l l y under d i s t u rban t market con-
d i t i o n s . I t reduces throughput t imes d r a m a t i c a l l y (w i th a huge p o t e n t i a l 
f o r sav ing cos t s and ga in i ng market s t rength) and i t i s l e s s c a p i t a l i n t e n -
s i ve above a l l on the software s i d e , s ince e x i s t i n g q u a l i f i c a t i o n s are 
e s s e n t i a l l y preserved and not replaced by programs caus ing h igh expenses. 
For the same reason produc t ion gets v? ry f l e x i b l e , p a r t i c u l a r l y s ince 
changes of orders or processes can be considered wi thout be ing modelled 
f i r s t . Working c o n d i t i o n s a l low fo r wide margins of a c t i o n and enhancement 
of s k i l l s , thus p rese rv i ng the innova t i ve c a p a b i l i t y . I t can be imp le -
mented stepwise and hence a l so be fo l lowed by s m a l l e r f i r m s . 
There are s t rong f o r c e s of i n e r t i a , though, h i n d e r i n g the human centred 
approach to d issemina te f a s t l y . They r e s u l t from a f i r m ' s hardware, s o f t -
ware, s o c i a l system, and p r e v a i l i n g ideo logy . Whi le hardware seems to have 
the weakest i n e r t i a and software a l ready needs fundamental changes, the 
s o c i a l system and ideo logy e s t a b l i s h the h ighest b a r r i e r s . S ince the t r a n -
s i t i o n to group manufactur ing deeply i n f l u e n c e s s o c i a l p o s i t i o n s and 
r e l a t i o n s , i t can on ly be performed on the bas i s of a bargained and agreed 
s t r a t e g y . To e s t a b l i s h such a s t r a t e g y , the p r e v a i l i n g t h i n k i n g has f i r s t 
to be overcome that cannot imagine any other improvements of p roduc t ion 
than r e p l a c i n g human c a p a b i l i t i e s by machine a r t e f a c t s . 
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u l a r l y H a r t m u t H i r s c h - K r e i n s e n and C h r i s t o p h N u b e r f o r t h e i r 
h e l p f u l s u g g e s t i o n s and f e e d - b a c k . 
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1. Future Factory Structures and Interests in Process-Related 
Ut i l izat ion of Sk i l ls and Qualifications 
In a l l l i k e l i h o o d u n i f o r m f a c t o r y s t r u c t u r e s w i l l n o t e x i s t i n 
E u r o p e i n t h e n e a r f u t u r e : Too g r e a t a r e t h e d i f f e r e n c e s w i t h 
r e g a r d s t o b a s i c c o n d i t i o n s and d e v e l o p m e n t a l p e r s p e c t i v e s b e -
t w e e n r e g i o n s , c o u n t r i e s , e c o n o m i c a l b r a n c h e s and m a r k e t c o n d i -
t i o n s , as w e l l as t h e d i f f e r e n c e s c o n c e r n i n g t h e p r o b l e m s and 
p o t e n t i a l s o l u t i o n s i n t h e a r e a o f p r o d u c t i o n t e c h n o l o g y and 
a l s o t h e w o r k f o r c e and s k i l l a v a i l a b i l i t y e t c . E v e n i f t h e p r o -
d u c t i o n t e c h n o l o g y o f f e r e d d o e s t e n d t o become more u n i f o r m due 
t o m a r k e t c o n d i t i o n s a n d / o r i n t e r n a t i o n a l s t a n d a r d i z a t i o n e f -
f o r t s , and d i f f e r i n g w o r k i n g c o n d i t i o n s b e g i n t o c o n v e r g e due t o 
g o v e r n m e n t and i n t e r n a t i o n a l c o m p e n s a t i o n p o l i c i e s , and l a s t l y 
e v e n i f p e r h a p s c e r t a i n a d a p t a t i o n p r o c e s s e s w i l l t a k e p l a c e 
w i t h i n e d u c a t i o n and t r a i n i n g s y s t e m s , i t n e v e r t h e l e s s r e m a i n s 
h i g h l y d o u b t f u l t h a t q u e s t i o n s o f t e c h n o l o g y u t i l i z a t i o n , work 
o r g a n i z a t i o n and t h e d i v i s i o n o f l a b o u r w i t h i n c o m p a n i e s and 
b e t w e e n c o m p a n i e s w i l l i n a l l r e g i o n s be s o l v e d a c c o r d i n g t o a 
u n i f o r m s t r u c t u r a l p a t t e r n , r e g a r d l e s s o f w h e t h e r i t i s t h e c a s e 
o f a s m a l l company w i t h a n a r r o w r e g i o n a l m a r k e t i n one o f t h e 
i n d u s t r i a l l y d e v e l o p i n g c o u n t r i e s o f t h e Common M a r k e t o r t h a t 
o f a l a r g e s c a l e mass p r o d u c t i o n e n t e r p r i s e i n one o f E u r o p e ' s 
i n d u s t r i a l c e n t r e s . 
I t i s w i d e l y a g r e e d upon among e x p e r t s t h a t t h e c o n c e p t o f t h e 
s o - c a l l e d unmanned f a c t o r y has o n l y v e r y l i m i t e d c h a n c e s w i t h i n 
t h e n e a r f u t u r e and t h a t t h i s c o n c e p t i s , a t b e s t , s u i t a b l e o n l y 
f o r c e r t a i n m a r g i n a l a r e a s o f h i g h l y s t a n d a r d i z e d m a n u f a c t u r i n g . 
S e c o n d l y , t h e r e a r e a l s o n u m e r o u s v o i c e s s t r e s s i n g t h e l i m i t a -
t i o n s o f t h e l o n g p r e v a i l i n g T a y l o r i s t i c o r F o r d i s t i c m o d e l o f 
m a n u f a c t u r i n g o r g a n i z a t i o n and work s t r u c t u r i n g , s t r o n g l y c e n -
t r a l i z e d and b a s e d on a s t r o n g d i v i s i o n o f l a b o u r , p a r t i c u l a r l y 
w i t h i n t h e c o n t e x t o f t h e u t i l i z a t i o n o f modern c o m p u t e r - a i d e d 
r a t i o n a l i z a t i o n t e c h n o l o g i e s and t h e n e c e s s i t y f o r a d a p t i n g t o 
r a p i d l y c h a n g i n g m a r k e t c o n d i t i o n s ( c o m p a r e f o r e x a m p l e B r o d n e r 
1 9 8 5 ; P i o r e , S a b e l 1 9 8 4 ; W a r n e c k e 1 9 8 5 ) . 
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I n v i e w o f t h e s e f a c t o r s , p a r t i c u l a r l y w i t h r e g a r d s t o E u r o p e a n 
i n d u s t r y , f a c t o r y s t r u c t u r e s a r e b e i n g a d v o c a t e d w h i c h make use 
o f t h e e x i s t i n g w e a l t h o f s k i l l s and q u a l i f i c a t i o n s and w h i c h 
s e e k t o s e c u r e t h e p o t e n t i a l f o r i n n o v a t i o n and t h e c a p a b i l i t y 
t o a d a p t , p a r t i c u l a r l y i n t h e c a s e o f t h e o f t e n s m a l l e r and 
medium s i z e c o m p a n i e s , by p r e s e r v i n g t h e s c o p e f o r t a k i n g a c t i o n 
and d e c i s i o n m a k i n g i n p r o x i m i t y t o t h e b a s i s o f t h e m a n u f a c t u r -
i n g p r o c e s s , on t h e shop f l o o r . S u c h c o n c e p t s a r e l e s s o r i e n t e d 
t o w a r d s maximum u t i l i z a t i o n o f c o m p u t e r - b a s e d a u t o m a t i o n t e c h n o -
l o g y up t o t h e t o t a l e x c l u s i o n o f human l a b o u r , b u t on t h e c o n -
t r a r y a im f o r a c o m b i n a t i o n o f t e c h n o l o g y and l a b o u r , w h e r e b y 
t h e p r o d u c t i o n k n o w l e d g e and e x p e r i e n c e h e l d by w o r k e r s c l o s e l y 
i n v o l v e d i n t h e m a n u f a c t u r i n g p r o c e s s i s s y s t e m a t i c a l l y i n t e -
g r a t e d . 
The p r o c e s s - r e l a t e d u t i l i z a t i o n o f s k i l l s and q u a l i f i c a t i o n s 
1 ) 
o f f e r s c o m p a n i e s a number o f a d v a n t a g e s ' , p a r t i c u l a r l y when 
s t r a t e g i e s o f s o - c a l l e d " h a r d " a u t o m a t i o n w i t h t h e i r s t a n d a r d i -
z a t i o n r e q u i r e m e n t s c o n c e r n i n g t h e p r o d u c t and r e m a i n i n g human 
l a b o u r meet w i t h r e s t r i c t i o n s and t h e r e f o r e s t r a t e g i e s o f f l e x i -
b l e a u t o m a t i o n a r e t o be p u r s u e d i n s t e a d : 
o P r o c e s s - r e l a t e d u t i l i z a t i o n o f 
s a v e p l a n n i n g c o s t s and o t h e r 
e x t r e m e l y e x p e n s i v e a u t o m a t i o n 
h a r d - and s o f t w a r e when w o r k e r s 
p r o c e s s s e q u e n c e . 
s k i l l s and q u a l i f i c a t i o n s c a n 
i n v e s t m e n t s f o r c o m p l e x and 
t e c h n o l o g i e s i n t h e a r e a s o f 
a r e a b l e t o b r i d g e g a p s i n t h e 
o P r o c e s s - r e l a t e d u t i l i z a t i o n o f s k i l l s and q u a l i f i c a t i o n s p e r -
m i t s s a v i n g i m p l e m e n t a t i o n c o s t s as w e l l as a c o m p a r a t i v e l y 
r a p i d i n t r o d u c t i o n o f t e c h n o l o g i c a l - o r g a n i z a t i o n a l i n n o v a t i o n s 
t o t h e m a n u f a c t u r i n g p r o c e s s . When e x t e n s i v e b a s i c s k i l l s 
a l r e a d y e x i s t on t h e s h o p f l o o r l e v e l , t h e i n t r o d u c t i o n o f new 
1) On t h e a d v a n t a g e s o f t h e u t i l i z a t i o n o f q u a l i f i e d s k i l l e d 
w o r k e r s i n c o m p l e x m a n u f a c t u r i n g s y s t e m s c o m p a r e A s e n d o r f , 
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t e c h n o l o g y c o m p o n e n t s w i l l l e a d t o l e s s q u a l i f i c a t i o n d e f i -
c i t s , t h e r e b y r e s u l t i n g i n a c o n s i d e r a b l e r e d u c t i o n o f t r a i n -
i n g e x p e n d i t u r e s on t h e one h a n d , w h i l e on t h e o t h e r t h e i m -
p l e m e n t a t i o n work p e r f o r m e d by t h e u s e r c o m p a n y ' s w o r k f o r c e 
s h o r t e n s t h e r u n n i n g - i n p e r i o d o f t h e new f a c i l i t i e s and w i l l 
make them o p e r a t i n g p r o d u c t i v e l y a t an e a r l i e r d a t e t h a n o t h -
e r w i s e . 
o I n v i e w o f t h e c o n t i n u o u s l y h i g h c o s t s f o r c o m p o n e n t s o f com-
p u t e r - a i d e d f l e x i b l e a u t o m a t i o n t h e f a c t t h a t t h e p r o c e s s -
r e l a t e d u t i l i z a t i o n o f s k i l l e d l a b o u r c a n r e d u c e t h e r i s k s and 
d u r a t i o n o f s y s t e m f a i l u r e s i s o f p a r t i c u l a r s i g n i f i c a n c e . The 
u t i l i z a t i o n o f q u a l i f i e d , s k i l l e d w o r k e r s f a m i l i a r w i t h t h e 
s p e c i f i c m a n u f a c t u r i n g e q u i p m e n t i n c r e a s e s t h e l a t t e r ' s a v a i l -
a b i l i t y and r e l i a b i l i t y . S u c h p e r s o n n e l can n o t o n l y p r e v e n t 
d i s t u r b a n c e s by i n t e r v e n i n g and c o r r e c t i n g t h e o n g o i n g manu -
f a c t u r i n g p r o c e s s , b u t a l s o s h o r t e n b r e a k d o w n t i m e s by p e r -
f o r m i n g r e p a i r s f a s t e r due t o t h e f a c t t h a t s p e c i a l i z e d m a i n -
t e n a n c e p e r s o n n e l need n o t be c a l l e d upon and w a i t e d f o r . 
o M o r e o v e r , t h e p r o c e s s - r e l a t e d u s e o f s k i l l s c a n a l s o p e r m i t a 
b e t t e r u t i l i z a t i o n o f m a n u f a c t u r i n g e q u i p m e n t , n o t o n l y w i t h 
r e g a r d s t o t h e e x t e n t o f o p e r a t i o n a l f l e x i b i l i t y f o r v a r i o u s 
p r o d u c t s o r p r o d u c t v a r i a n t s w i t h i n t h e f r a m e w o r k o f t h e g i v e n 
t e c h n i c a l c o r r i d o r , b u t a l s o i n t e r m s o f c o o r d i n a t i n g m a c h i n e 
s c h e d u l e s a n d / o r p r o d u c t i o n c a p a c i t y w i t h t h e r e q u i r e m e n t s o f 
t h e o n g o i n g p r o d u c t i o n f l o w . 
o F i n a l l y , t h e p r o c e s s - r e l a t e d use o f s k i l l e d p e r s o n n e l i n t h e 
p r o d u c t i o n p r o c e s s can a l s o r e s u l t i n l o w e r l a b o u r c o s t s . On 
t h e one hand t h i s r e f e r s t o t h e s a v i n g s i n c o s t s a r i s i n g o u t -
s i d e o f t h e i m m e d i a t e a r e a o f m a n u f a c t u r i n g f o r t e c h n i c a l 
s e r v i c e s l i k e work p l a n n i n g , p r o g r a m m i n g , m a n u f a c t u r i n g c o n -
t r o l , m a i n t e n a n c e and q u a l i t y a s s u r a n c e , when a more c e n t r a l -
i s t s m a n u f a c t u r i n g o r g a n i z a t i o n i s g i v e n . On t h e o t h e r h a n d , 
t h e number o f w o r k e r s c a n be r e d u c e d c o m p a r e d t o h i g h l y s p e c i -
a l i z e d f o r m s o f . ;ork o r g a n i z a t i o n , o r t h o s e a i m i n g f o r a m i n i -
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m i z a t i o n o f t h e u s e o f s k i l l s , b e c a u s e b r o a d l y s k i l l e d w o r k e r s 
a r e a b l e t o r e p l a c e e a c h o t h e r and f i l l v a c a n c i e s c a u s e d by 
i l l n e s s o r o t h e r r e a s o n s . 
A l l o f t h e s e r e a s o n s p o i n t t o a company i n t e r e s t i n m a k i n g use 
o f a s k i l l e d and q u a l i f i e d w o r k f o r c e who i s f a m i l i a r w i t h t h e 
s p e c i a l r e q u i r e m e n t s o f f l e x i b l e a u t o m a t i o n and i n e m p l o y i n g 
t h e s e w o r k e r s i n t h e i m m e d i a t e p r o x i m i t y o f t h e m a n u f a c t u r i n g 
p r o c e s s and o f t h e m o s t l y c o m p l e x m a n u f a c t u r i n g e q u i p m e n t . In 
t e r m s o f m a n u f a c t u r i n g o r g a n i z a t i o n w i d e l y d i f f e r i n g s o l u t i o n s 
a r e c o n c e i v a b l e w i t h t h i s s t r a t e g y , s t a r t i n g w i t h more t r a d i -
t i o n a l w o r k s h o p s s p e c i a l i z e d i n c e r t a i n m a n u f a c t u r i n g t e c h n o l o -
g i e s , up t o p r o d u c t i o n i s l a n d s f o r t h e c o m p l e t e p r o c e s s i n g o f 
p r o d u c t s o r c o m p o n e n t s o f a f i n a l p r o d u c t . The f o r m s o f work 
o r g a n i z a t i o n and t h e d i v i s i o n o f l a b o u r can a l s o v a r y , f o r e x a m -
p l e b e t w e e n t h e f o l l o w i n g two b a s i c m o d e l s : 
o I n t h e f i r s t c a s e t h e t r a d i t i o n a l f o r m s o f j o b c l a s s i f i c a t i o n 
and h i e r a r c h i c a l d i v i s i o n o f l a b o u r a r e d i s p e n s e d w i t h t o a 
l a r g e e x t e n t and i n s t e a d , a homogenous g r o u p o f e q u a l l y q u a l i -
f i e d p r o d u c t i o n w o r k e r s a r e e m p l o y e d who s h a r e t h e v a r i o u s and 
c h a n g i n g work t a s k s w i t h i n a g i v e n m a n u f a c t u r i n g a r e a a c c o r d -
i n g t o i n t e r n a l a g r e e m e n t s and who a l s o s h a r e t h e r e s p o n s i b i -
l i t y f o r t h e f u l f i l l m e n t o f the a s s i g n e d j o b s . F o r e x a m p l e , 
e m p l o y e e s o f t h e t y p e o f t h e German s k i l l e d w o r k e r , h a v i n g 
p r a c t i c a l and t h e o r e t i c a l p r o d u c t i o n k n o w l e d g e and e x p e r i e n c e 
and h a v i n g had f u r t h e r t r a i n i n g i n t h e f i e l d o f i n f o r m a t i o n 
s y s t e m s and c o n t r o l t e c h n o l o g y a r e s u i t a b l e f o r t h i s f o r m o f 
g r o u p w o r k . 
o The s e c o n d m o d e l a d h e r e s more t o t h e t r a d i t i o n a l f o r m s o f 
f u n c t i o n a l and h i e r a r c h i c a l d i v i s i o n o f l a b o u r and t h e d i f f e r -
e n t s p e c i a l i z e d j o b s t h e r e b y r e s u l t i n g . A c c o r d i n g l y t h e w o r k -
f o r c e s t r u c t u r e i s d i f f e r e n t i a t ?d d e p e n d i n g on t h e a r e a s and 
a l s o t h e e x t e n t t o w h i c h i n d i v i d j a l w o r k e r s a r e q u a l i f i e d , and 
t h e u t i l i z a t i o n o f p e r s o n n e l i s more s t r o n g l y a r r a n g e d a c c o r d -
i n g t o f o r m s o f c o o p e r a t i o n b e t w e e n d i f f e r e n t l y s p e c i a l i z e d 
w o r k e r s . I n t h i s c a s e a m i x e d s t a f f i n g o f a p r o d u c t i o n team i s 
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c o n c e i v a b l e , w i t h s e m i - s k i l l e d and s k i l l e d w o r k e r s , t e c h n i -
c i a n s and e v e n e n g i n e e r s , and a s s o c i a t e d w i t h a more s t r o n g l y 
h i e r a r c h i c a l d i s t r i b u t i o n o f r e s p o n s i b i l i t y as w e l l as - com-
p a r e d t o t h e o t h e r m o d e l - a c o n s i d e r a b l y r e s t r i c t e d c a p a c i t y 
f o r e m p l o y e e s t o r e p l a c e one a n o t h e r i f need b e . 
B o t h m o d e l s , b e t w e e n w h i c h v a r i o u s g r a d u a t i o n s and numerous 
c o n c r e t e d e s i g n f o r m s a r e i m a g i n a b l e , a r e i n v a r y i n g d e g r e e s 
s u i t e d t o d i f f e r e n t f o r m s o f t e c h n o l o g y u t i l i z a t i o n and r e q u i r e -
m e n t s o f m a n u f a c t u r i n g p r o c e s s e s . The f i r s t m o d e l , f o r e x a m p l e , 
makes f a r g r e a t e r use o f t h e s c o p e f o r t h e d e s i g n o f work o r g a n -
i z a t i o n g i v e n w i t h i n modern m a n u f a c t u r i n g t e c h n o l o g y when t h e 
b i n d i n g o f work t a s k s t o t h e m a c h i n e ' s o p e r a t i o n a l c y c l e i s 
l a r g e l y r e d u c e d due t o t h e a u t o m a t i o n o f w o r k p i e c e h a n d l i n g and 
t r a n s p o r t . The s e c o n d m o d e l seems t o p o s s e s s more a d v a n t a g e s i n 
t h o s e c a s e s w h e r e a u t o m a t i o n g a p s must be b r i d g e d by r o u t i n e 
a c t i v i t i e s o r w h e r e t h e d e p l o y m e n t o f s p e c i a l i s t s i s i m p e r a t i v e 
f o r one r e a s o n o r t h e o t h e r . T h e s e l a t t e r f o r m s o f o r g a n i z a t i o n , 
h o w e v e r , a l s o h o l d h i g h e r r i s k s o f a p o l a r i z a t i o n o f s k i l l s and 
t h e c r e a t i o n o f p e r m a n e n t b a r r i e r s b e t w e e n d i f f e r e n t e m p l o y e e 
g r o u p s . 
2 . P r e c o n d i t i o n s f o r a Process-Related U t i l i z a t i o n of S k i l l s 
and Q u a l i f i c a t i o n s 
A common c h a r a c t e r i s t i c o f t h e two m o d e l s o f work s t r u c t u r i n g 
p r e v i o u s l y d e s c r i b e d i s t h e f a c t t h a t t h e y b o t h i n c r e a s e " s h o p 
f l o o r a u t o n o m y " by means o f p r o c e s s - r e l a t e d u s e o f q u a l i f i e d 
e m p l o y e e s and r e d u c e t h e s i g n i f i c a n c e o f p l a n n i n g , c o n t r o l and 
s u p e r v i s i n g d e p a r t m e n t s o u t s i d e o f t h e m a n u f a c t u r i n g a r e a as 
o p p o s e d t o t h e more c e n t r a l i s t i c a l l y o r i e n t e d T a y l o r i s t i c / F o r d -
i s t i c f a c t o r y s t r u c t u r e s . B o t h m o d e l s c o r r e s p o n d t o a d e v e l o p -
ment c o n c e p t w h i c h i s c u r r e n t l y b e i n g d i s c u s s e d n o t o n l y i n 
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E u r o p e b u t a l s o i n t h e U . S . A . u n l e r t h e h e a d i n g o f " T h e F a c -
t o r y w i t h i n t h e F a c t o r y " ' , t h e i n t e n t i o n o f w h i c h i s u n d e r l i n e d 
by t h e demand " C I M o n l y w i t h H I M " 2 ^ . The r e a l i z a t i o n o f s u c h 
f o r m s o f m a n u f a c t u r i n g s t r u c t u r e s ;¡nd work o r g a n i z a t i o n d e p e n d s , 
h o w e v e r , on a number o f p r e c o n d i t i o n s . We s h a l l b r i e f l y m e n t i o n 
t h e m a r k e t d e v e l o p m e n t s w i t h r e g a r d t o t h e c o m p u t e r - a i d e d compo-
n e n t s o f m a n u f a c t u r i n g p r e s e n t l y o f f e r e d ( 1 ) , t h e i m p l e m e n t a t i o n 
p r o c e s s e s o f new m a n u f a c t u r i n g t e c h n o l o g i e s t a k i n g p l a c e w i t h i n 
t h e c o m p a n i e s ( 2 ) , t h e a v a i l a b i l i t y o f d i f f e r e n t q u a l i f i c a t i o n s 
and s k i l l s f o r m a n u f a c t u r i n g work as w e l l as t h e q u e s t i o n o f 
g r a t i f i c a t i o n s y s t e m s , c a r e e r p a t t e r n s e t c . ( 3 ) . 
(1) I n t h e p a s t y e a r s t h e s p e c t r u m o f c o m p o n e n t s f o r c o m p u t e r -
a i d e d i n t e g r a t i o n o f f e r e d by t h e m a r k e t has e x p a n d e d c o n s i d e r a -
b l y . T h i s h o l d s t r u e f o r p r o d u c t i o n p l a n n i n g f u n c t i o n s (CAD, 
CAP) as w e l l as f o r p r o d u c t i o n s c h e d u l i n g and c o n t r o l (PSC) and 
m a n u f a c t u r i n g - t e c h n o l o g i c a l f u n c t i o n s o f m a c h i n e c o n t r o l , t o o l 
m a n a g e m e n t , w o r k p i e c e h a n d l i n g and t r a n s p o r t and a l s o q u a l i t y 
a s s u r a n c e ( c o m p a r e t h e i n d i v i d u a l C A M - c o m p o n e n t s : C N C , DNC, FMC, 
FMS, CAQ e t c . ) 3 ) . 
I n many c a s e s t h e use o f c o m p u t e r - a i d e d i n t e g r a t i o n t e c h n o l o g y 
i s c h a r a c t e r i z e d by a k i n d o f p i o n e e r s i t u a t i o n i n w h i c h t h e 
m a n u f a c t u r e r s a d a p t t h e s y s t e m s ' a c t u a l d e s i g n t o meet s p e c i f i c 
c u s t o m e r r e q u i r e m e n t s t o a c o n s i d e r a b l e d e g r e e . H o w e v e r , t h e r e 
1) C o m p a r e , f o r e x a m p l e , t h e p a p e r by P e t e r R. E v e r i t t 1 9 8 5 : The 
M a n u f a c t u r i n g C e l l "A P l a n t W i t h i n A P l a n t " . 
2) " C o m p u t e r I n t e g r a t e d M a n u f a c t u r i n g o n l y w i t h Human I n t e g r a t e d 
M a n u f a c t u r i n g " - was how, a t t h e i n t e r n a t i o n a l C I M - c o n g r e s s 
d u r i n g t h e S~ystec ' 8 6 i n M u n i c h , a l e a d i n g e x e c u t i v e o f a 
German m a c h i n e b u i l d i n g company p a r a p h r a s e d t h e demand p r e s -
e n t l y b e i n g v o i c e d t o g i v e more c o n s i d e r a t i o n t h a n p r e v i o u s l y 
t o t h e c h a n g e s i n t h e w o r k i n g s i t u a t i o n o f t h e e m p l o y e e s a f -
f e c t e d when p l a n n i n g and i n t r o d u c i n g new t e c h n i c a l s y s t e m s 
( c o m p a r e Hummel 1 9 8 6 ) . 
3) U n f o r t u n a t e l y t h e u s e o f t e r m i n o l o g y i s by no means u n i f o r m 
w i t h r e g a r d s t o t h e i n d i v i d u a l C I M - c o m p o n e n t s . See AWF 1985 
f o r an a t t e m p t e d c l a r i f i c a t i o n r e l a t i n g c o m p u t e r use t o c e r -
t a i n p r o c e s s f u n c t i o n s . See a l s o L a y ' s p a p e r on C I M - s t r a t e -
g i e s i n t h i s v o l u m e . 
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i s an i n c r e a s e d d e v e l o p m e n t o f m a r k e t a b l e , more s t a n d a r d i z e d 
o f f e r s r e q u i r i n g t h e s y s t e m u s e r s t h e m s e l v e s t o a d a p t t o a c e r -
t a i n e x t e n t i f c o n s i d e r a b l e c o s t s f o r " t a i l o r made" s o l u t i o n s 
a r e t o be a v o i d e d . M o r e o v e r , i n many a r e a s i n w h i c h c o m p u t e r -
a i d e d i n t e g r a t i o n t e c h n o l o g i e s a r e a p p l i e d one can s a f e l y s t a t e 
t h a t t h e m a n u f a c t u r e r s c o n t r o l t h e m a r k e t , t h i s h a v i n g t o do 
w i t h s p e c i f i c a s p e c t s o f i n f o r m a t i o n - t e c h n o l o g i c a l p r o d u c t s , t h e 
e x p e n s i v e d e v e l o p m e n t o f t h e g e n e r a l l y v e r y c o m p l e x s o f t w a r e 
s o l u t i o n s as w e l l as t h e l a c k o f c o m p e t e n c y i n i n f o r m a t i o n t e c h -
1) 
n o l o g y on t h e p a r t o f t h e u s e r s . ' Thus i t i s o f p a r t i c u l a r i m -
p o r t a n c e w h i c h o r g a n i z a t i o n a l c o n c e p t s a r e q u a s i p a s s e d on t o 
t h e u s e r c o m p a n i e s i n t e r m s o f m a n u f a c t u r i n g and work o r g a n i z a -
t i o n . 2 ^ 
C o m p l e t e o f f e r s o f f a c t o r i e s w i t h f u l l y i n t e g r a t e d c o m p u t e r 
t e c h n o l o g y h a r d l y e x i s t t o d a t e . B u t t h e C I M - c o m p o n e n t s on t h e 
m a r k e t can be c l a s s e d as t h o s e w h i c h a r e more open i n t e r m s o f 
m a n u f a c t u r i n g o r g a n i z a t i o n and work s t r u c t u r i n g , o r t h o s e w h i c h 
c o n t a i n s t r o n g l y c e n t r a l i s t i c c o n c e p t s w h i c h a im f o r a d e f i n i t e 
d i v i s i o n b e t w e e n work e x e c u t e d on t h e s h o p f l o o r and t h e f u n c -
t i o n s o f p l a n n i n g , c o n t r o l and s u p e r v i s i o n e l s e w h e r e . 
o I n many c a s e s o m p u t e r - a i d e d p r o d u c t i o n s c h e d u l i n g and c o n t r o l 
s y s t e m s (PSC) ' f o l l o w a s t r o n g l y c e n t r a l i s t i c - d e t e r m i n i s t i c 
d e s i g n as f a r as t h e i r i n n e r l o g i c i s c o n c e r n e d and t h e y a im 
f o r t h e mos t e x a c t s h o r t t e r m d e t a i l e d p l a n n i n g o f shop f l o o r 
a c t i v i t i e s p o s s i b l e . On t h e o t h e r h a n d , t h e r e a r e P S C - c o n c e p t s 
w h i c h d i s p e n s e w i t h d e t a i l e d work g u i d e l i n e s and r e g u l a t i o n s 
f r o m t h e , , s t a r t and i n s t e a d p r o v i d e o n l y c e n t r a l f r a m e w o r k 
p l a n n i n g ' w h i c h i s t h e n t o be w o r k e d o u t i n d e t a i l on t h e 
s h o p f l o o r l e v e l and c a r r i e d o u t t h e r e s u b s e q u e n t l y . T h i s 
s e c o n d c o n c e p t i s more s t r o n g l y b a s e d on p r o c e s s - r e l a t e d d e c i -
s i o n s i n t h e s h o p f l o o r a r e a and t h e r e b y p e r m i t s a g r e a t e r 
1) Compare f o r t h i s and i n t h e f o l l o w i n g , H i r s c h - K r e i n s e n 1986 
p a r t i c u l a r l y p . 31 f f . 
2 ) See a l s o B r a z y k ' s a r g u m e n t i n t h i s v o l u m e a b o u t " p r e s c r i p -
t i o n s " on work o r g a n i z a t i o n and s k i l l s e m b o d i e d i n p r o d u c t i o n 
t e c h n o l o g i e s . 
3) A l s o r e f e r e d t o as c o m p u t e r - a i d e d p r o d u c t i o n management 
(CAPM) - s e e Lay w i t h i n t h i s v o l u m e . 
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s c o p e f o r t h e d e s i g n o f work o r g a n i z a t i o n - f r o m t h e use o f a 
c e n t r a l c o n t r o l p o s t f o r t h e e x e c u t i o n o f p l a n n i n g p r o c e s s e s 
up t o t h e management o f m a n u f a c t u r i n g c o n t r o l f u n c t i o n s by 
w o r k e r s e m p l o y e d i n t h e a c t u a l a r e a o f m a n u f a c t u r i n g . 
o The c o n c e p t s a c c o r d i n g t o w h i c h D N C - s y s t e m s a r e l a y e d o u t can 
be b a s e d on a s t r o n g d i v i s i o n o f l a b o u r and r e s u l t i n a c o n -
c e n t r a t i o n o f i n f o r m i n g and s u p e r v i s i n g d a t a i n t h e work p l a n -
n i n g d e p a r t m e n t , o r e l s e c o n c e p t s can be r e a l i z e d a c c o r d i n g t o 
w h i c h t h e D N C - c o m p u t e r a c t s more as a d a t a bank f o r N C - c o n -
t r o l l i n g and p r o g r a m m i n g s y s t e m s , w h i c h a l s o a l l o w s shop f l o o r 
p r o g r a m m i n g t o be c a r r i e d o u t . 
o A l s o i n t h e c a s e o f C A D / C A P o r CAD/CAM s y s t e m s one c a n d i f f e r -
e n t i a t e b e t w e e n c o n c e p t s w h i c h f r o m t h e s t a r t a r e e i t h e r o f -
f i c e o r i e n t e d and a im f o r more e f f i c i e n c y i n t h e a r e a o f p r e -
p l a n n i n g , i n c l u d i n g o f f i c e p r o g r a m m i n g , o r s u c h c o n c e p t s w h i c h 
a r e more s h o p f l o o r o r i e n t e d w h e r e b y c o n s t r u c t i o n d a t a a r e 
t r a n s m i t t e d t o a w o r k s h o p c o m p u t e r o r i n d i v i d u a l C N C - c o n t r o l 
s y s t e m , i n o r d e r t o f a c i l i t a t e o r a c c e l e r a t e t h e p r o g r a m m i n g 
p r o c e s s t h e r e . 
The r e s u l t s o f o u r a n a l y s i s p o i n t t o a p r e s e n t m a r k e t d o m i n a n c e 
o f C I M - c o m p o n e n t s o f a c e n t r a l i s t i c - d e t e r m i n i s t i c n a t u r e w h i c h 
a r e e x e r t i n g a s t r o n g i n f l u e n c e t o w a r d s a c o n s o l i d a t i o n o r an 
i n c r e a s e o f t h e h i e r a r c h i c a l - f u n c t i o n a l d i v i s i o n o f l a b o u r b e -
t w e e n t h e a r e a s o f p l a n n i n g and e x e c u t i o n . S u c h s o l u t i o n s a r e 
u s u a l l y d e v e l o p e d and o f f e r e d by l a r g e c o m p u t e r m a n u f a c t u r e r s 
who have a s t r o n g m a r k e t p o s i t i o n and a r e b a c k e d by many y e a r s 
o f c o o p e r a t i o n w i t h t h e u s e r s o f t i e i r s y s t e m s . B u t i t i s d o u b t -
f u l i f t h e s e s o l u t i o n s meet t h e s p e c i a l n e e d s o f s m a l l e r and 
medium s i z e d c o m p a n i e s . 
I n o p p o s i t i o n t o t h i s s t a n d t h e o f f e r s u s u a l l y c o m i n g f r o m s m a l -
l e r s o f t w a r e o r m a c h i n e b u i l d i n g c o m p a n i e s w h i c h a r e more open 
i n t e r m s o f work o r g a n i z a t i o n and do n o t r e s t r i c t t h e i r u s e r s so 
s t r o n g l y t o p u r s u i n g c e r t a i n s o l u t i o n s o f t e c h n o l o g y i n t e g r a t i o n 
as f a r as m a n u f a c t u r i n g and work o r g a n i z a t i o n a r e c o n c e r n e d and 
w h i c h a r t h e r e f o r e more c o m p a t i b l e w i t h f o r m s o f p r o c e s s - r e l a t e d 
p l a n n i n g , c o n t r o l and s u p e r v i s i o n . 
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A l t h o u g h e v e n i n t h e c a s e s o f more s t r o n g l y c e n t r a l i s t i c - d e t e r -
m i n i s t i c s o l u t i o n s one c a n n o t s a y t h a t t h e u s e r c o m p a n i e s a r e 
b e i n g d e f i n i t e l y bound t o c e r t a i n f o r m s o f m a n u f a c t u r i n g o r g a n -
i z a t i o n and work o r g a n i z a t i o n , i t i s n e v e r t h e l e s s u n d e n i a b l e 
t h a t t h e l o g i c i n h e r e n t i n s u c h s o l u t i o n s w i l l i n f l u e n c e t h e 
d e c i s i o n s c o n c e r n i n g t h e i m p l e m e n t a t i o n p r o c e s s w i t h i n t h e c o m -
p a n y . A p r o c e s s - r e l a t e d u t i l i z a t i o n o f s k i l l s and q u a l i f i c a t i o n s 
i s e a s i e r t o r e a l i z e o r m a i n t a i n , when h a r d w a r e and s o f t w a r e 
c o m p o n e n t s a r e d e s i g n e d so as t o g r a n t a c c e s s f r o m t h e s h o p 
f l o o r . I n t h i s c o n t e x t i t i s i n t e r e s t i n g t o n o t e t h a t r e c e n t l y 
t h e r e a r e i n d i c a t i o n s t h a t t h e d e v e l o p m e n t o f s y s t e m s w h i c h 
s t a r t e d o u t w i t h d i f f e r e n t b a s i c c o n c e p t s i s b e g i n n i n g t o c o n -
v e r g e . H o w e v e r t h i s i s l i k e l y t o p r o v e t o be a v e r y l o n g t e r m 
1) 
d e v e l o p m e n t a l p r o c e s s . 
(2) I n s p i t e o f t h e f a c t o r s o f i n f l u e n c e b u i l t i n t h e p r e f o r m e d 
m a r k e t o f f e r s o f C I M - c o m p o n e n t s , t h e r e u n d o u b t e d l y s t i l l r e m a i n s 
c o n s i d e r a b l e s c o p e f o r t h e d e s i g n o f m a n u f a c t u r i n g o r g a n i z a t i o n 
and work o r g a n i z a t i o n w h i c h i s a t t h e d i s p o s a l o f t h e u s e r c o m -
p a n i e s . The q u e s t i o n r e m a i n s h o w e v e r , as t o w h e t h e r and i n wha t 
way t h i s s c o p e f o r d e c i s i o n m a k i n g i s a c t u a l l y made u s e o f d u r -
2) 
i n g t h e c o u r s e o f i m p l e m e n t a t i o n p r o c e s s e s . I n s p i t e o f t h e 
f a c t t h a t t h e d i s c u s s i o n among m a n a g e r s and e n g i n e e r s c o n c e r n i n g 
t h e i m p o r t a n c e o f "human f a c t o r s " f o r t h e s u c c e s s f u l i n t r o d u c -
t i o n o f new t e c h n o l o g i e s has been g i v e n more e m p h a s i s d u r i n g 
1) T h i s can be o b s e r v e d i n t h e d e v e l o p m e n t o f N C - p r o g r a m m i n g 
m e t h o d s . I t c a n be assumed t h a t due t o t h e f u r t h e r d e v e l o p -
ment o f i n t e r a c t i v e - g r a p h i c p r o g r a m m i n g m e t h o d s a s t a n d a r d i -
z a t i o n o f o p e r a t o r m o d i w i l l t a k e p l a c e b e t w e e n s y s t e m s o r i g -
i n a l l y b a s e d more s t r o n g l y on o f f i c e p r o g r a m m i n g and t h o s e 
o r i e n t e d on w o r k s h o p p r o g r a m m i n g . Compare v . B e h r , H i r s c h -
K r e i n s e n 1 9 8 7 . G e n e r a l l y t h e c o n c e p t s o f open s y s t e m a r c IT i -
t e c t u r e seem t o s u i t b e t t e r t o t h e m a n i f o l d t e c h n i c a l and 
o r g a n i z a t i o n a l c o n d i t i o n s o f d i f f e r e n t u s e r s and open up 
m a r k e t o p p o r t u n i t i e s s p e c i a l l y f o r s m a l l e r s u p p l i e r c o m p a -
n i e s . 
2) F o r a more d e t a i l e d r e p o r t o f t h e r e l e v a n t c o n s t e l l a t i o n s ; n d 
i n t e r e s t s i n t h e c o u r s e o f company i m p l e m e n t a t i o n p r o c e s s es 
s e e H i r s c h - K r e i n s e n , S c h u l t z - W i l d 1 9 8 6 b . Compare a.1 so 
S c h u l t z - W i l d 1 9 8 6 a . 
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the past years, i t can, on the basis of present experience, 
hardly be assumed that work o r g a n i z a t i o n and manpower u t i l i z a -
t i o n w i l l e n j o y t h e same c a r e f u l p r e p l a n n i n g as i s t h e c a s e w i t h 
t h e t e c h n i c a l and e c o n o m i c a l f a c t o r s on w h i c h d e c i s i o n s a r e 
b a s e d . Many i m p l e m e n t a t i o n p r o c e s s e s a r e c h a r a c t e r i z e d by a s t e p 
by s t e p i n t r o d u c t i o n o f new t e c h n o l o g y c o m p o n e n t s w h e r e b y t h e 
e x i s t i n g m a n u f a c t u r i n g s t r u c t u r e s and f o r m s o f o r g a n i z a t i o n a r e 
r e t a i n e d t o t h e g r e a t e s t d e g r e e p o s s i b l e . F o r t h e mos t p a r t 
c h a n g e s r e m a i n l i m i t e d t o wha t i s a b s o l u t e l y i m p e r a t i v e f r o m a 
t e c h n o l o g i c a l p o i n t o f v i e w . S u c h t e n d e n c i e s t o w a r d s a s o r t o f 
s t r u c t u r a l c o n s e r v a t i s m s t a n d i n o p p o s i t i o n t o t h e e x p e r i e n c e 
t h a t e s p e c i a l l y t e c h n i c a l i n n o v a t i o n s o f t e n i n i t i a t e o r a r e t h e 
medium o f a r e o r g a n i z a t i o n o f work p r o c e s s e s , t h e e x t e n t o f 
w h i c h c a n be o f a more f a r - r e a c h i n g n a t u r e b e y o n d t h e a c t u a l 
i n d i v i d u a l i n n o v a t i o n c a s e . C h a n g e s o f a s l o w e r and more s u b t l e 
k i n d may p o s s i b l y o c c u r w h i c h l e a d t o a g r a d u a l u n d e r m i n i n g o f 
f o r m s o f work d o m i n a n t so f a r , w h i l e r a d i c a l s t r u c t u r a l c h a n g e s 
may a l s o be b r o u g h t a b o u t . The p r o b a b i l i t y o f t h e l a t t e r a r i s e s 
o with the s i z e of the automation leap of a given t e c h n o l o g i c a l 
i n n o v a t i o n , t h e r e b y n e c e s s i t a t i n g a r e o r g a n i z a t i o n and e x t e n -
s i v e r e d i s t r i b u t i o n o f work b e t w e e n m a c h i n e r y and m a n p o w e r ; 
o w i t h t h e d e g r e e i n w h i c h t h e p r e v i o u s l y d o m i n a n t f o r m s o f 
m o d e r n i z a t i o n by s m a l l s t e p s i s d e v i a t e d f r o m o r mus t be a b a n -
d o n e d , f o r e x a m p l e due t o t h e more s y s t e m o r i e n t e d c h a r a c t e r 
o f t h e new i n t e g r a t i o n t e c h n o l o g i e s b e i n g i n s t a l l e d ; 
o a c c o r d i n g t o t h e e x t e n t i n w h i c h t h e new t e c h n o l o g i e s c o n t a i n 
c o n c e p t s o f work o r g a n i z a t i o n w h i c h c o n t r a d i c t t h e p r i n c i p l e s 
h a v i n g so f a r p r e v a i l e d . 
P r o c e s s - r e l a t e d u t i l i z a t i o n o f s k i l l s and q u a l i f i c a t i o n s can 
t h u s h a r d l y be e x p e c t e d i n t h o s e c a s e s w h e r e c o n t r o l and p r o d u c -
t i o n s y s t e m s o f a more s t r o n g l y c e n t r a l i s t i c - d e t e r m i n i s t i c t y p e 
a r e i n t e g r a t e d i n t o c e n t r a l i s t i c company s t r u c t u r e s b a s e d on a 
s t r o n g d i v i s i o n o f l a b o u r . A p r o c e s s o f t h i s k i n d s t r e n g t h e n s 
t h e c o n t r o l and s u p e r v i s i o n d e p a r t m e n t s o u t s i d e o f t h e a c t u a l 
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manufacturing area and leads to 
s t i l l e x i s t i n g on t h e shop f l o o 
t e c h n o l o g i e s i n c o m p a n i e s w h e r e 
s t i l l e n j o y a c o n s i d e r a b l e s c o p e 
i n a g r a d u a l u n d e r m i n i n g o f s h o p 
b y , i n t h e l o n g r u n a t l e a s t , 
s k i l l s . 
a f u r t h e r r e d u c t i o n o f au tonomy 
r . The i n t r o d u c t i o n o f s i m i l a r 
q u a l i f i e d s h o p f l o o r p e r s o n n e l 
f o r d e c i s i o n m a k i n g c a n r e s u l t 
f l o o r au tonomy and w i l l t h e r e -
j e o p a r d i z e t h e u t i l i z a t i o n o f 
On t h e o t h e r h a n d , h o w e v e r , i t i s a l s o c o n c e i v a b l e t h a t , due t o 
t h e f u n c t i o n a l d e f i c i e n c y o f c e n t r a l i s t i c c o n t r o l s y s t e m s , a l -
t e r n a t i v e c o n c e p t s w i l l be e m p l o y e d f r o m t h e s t a r t and t h a t t h e 
p r e c o n d i t i o n s i n t e r m s o f o r g a n i z a t i o n and s k i l l s f o r s u c c e s s f u l 
o p e r a t i n g w i l l be s y s t e m a t i c a l l y p l a n n e d and s u b s e q u e n t l y r e a l i -
1) 
z e d d u r i n g t h e i m p l e m e n t a t i o n p r o c e s s . ' T h e r e f o r e i t i s o f 
d e c i s i v e i m p o r t a n c e w h i c h i n - p l a n t g r o u p s p l a n and i m p l e m e n t 
t e c h n o l o g i c a l i n n o v a t i o n s and wha t t h e f o r m e r ' s i n t e r e s t s and 
s p e c i f i c a i m s a r e . The r e a l i z a t i o n o f company s t r u c t u r e s a c c o r d -
i n g t o t h e m o d e l o f p r o c e s s - r e l a t e d u t i l i z a t i o n o f q u a l i f i c a -
t i o n s i s , f o r e x a m p l e , more l i k e l y t o o c c u r when t h e ( s h o p 
f l o o r ) m a n a g e r s d i r e c t l y r e s p o n s i b l e f o r t h e m a n u f a c t u r i n g 
p r o c e s s have more i n f l u e n c e on t h e l a t t e r t h a n members o f c e n -
t r a l d e p a r t m e n t s f o r work p l a n n i n g o r m a n u f a c t u r i n g c o n t r o l f o r 
e x a m p l e . 
(3) A p a r t f r o m t h e s t r u c t u r e s o f t h e t e c h n o l o g y o f f e r s and t h e 
s p e c i f i c i n t e r e s t s w h i c h come i n t o p l a y i n t h e c o u r s e o f t h e 
u s e r ' s i m p l e m e n t a t i o n p r o c e s s , t h e q u a n t i t a t i v e and q u a l i t a t i v e 
a v a i l a b i l i t y o f p e r s o n n e l i s c e r t a i n l y o f c o n s i d e r a b l e s i g n i f i -
c a n c e f o r s h a p i n g and d e s i g n i n g m a n u f a c t u r i n g o r g a n i z a t i o n and 
work s t r u c t u r e s . Fo rms o f p r o c e s s - r e l a t e d q u a l i f i c a t i o n u t i l i z a -
t i o n a r e e a s i e r t o r e a l i z e o r m a i n t a i n i n t h o s e c o m p a n i e s w h i c h 
a l r e a d y have a w o r k f o r c e w i t h b r o a d and r e l e v a n t s k i l l s a t t h e i r 
d i s p o s a l o r w h e r e q u a l i f i c a t i o n d e f i c i t s c a n be made up f o r a t 
r e l a t i v e l y l o w t r a i n i n g e x p e n d i t u r e s . 
1) See N o . 2 . 1 o f t h e r e c o m m e n d a t i o n s c o n c e r n i n g e d u c a t i o n and 
v o c a t i o n a l t r a i n i n g f u r t h e r b e l o w . 
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I n c a s e s o f s t a g n a t i n g o r s i n k i n g e m p l o y e e numbers i t i s p a r t i c -
u l a r l y t h e q u a l i f i c a t i o n s t r u c t u r e o f t h e p e r s o n n e l e m p l o y e d 
w i t h i n t h e company w h i c h i s d e c i s i v e , due t o t h e f a c t t h a t an 
e x t e n s i v e e x c h a n g e o f p e r s o n n e l v i a t h e e x t e r n a l l a b o u r m a r k e t 
( d i s m i s s a l o f i n s u f f i c i e n t l y q u a l i f i e d e m p l o y e e s on t h e one 
hand, r e c r u i t m e n t o f a d e q u a t e l y q u a l i f i e d p e r s o n n e l on t h e 
o t h e r ) w o u l d c e r t a i n l y meet w i t h t h e r e s i s t a n c e o f t h e r e p r e s e n -
t a t i v e s o f e m p l o y e e i n t e r e s t s and t h e r e f o r e i s h a r d l y t o be 
r e a l i z e d . 
T h o s e c o m p a n i e s who have p r e v i o u s l y e s t a b l i s h e d t h e i r o r g a n i z a -
t i o n on c e n t r a l i s t i c , T a y l o r i s t i c s t r u c t u r e s and who have m a i n l y 
e m p l o y e d t h e t y p e o f t h e s p e c i a l i z e d s e m i - s k i l l e d w o r k e r i n 
t h e i r p r o d u c t i o n d e p a r t m e n t s , w i l l mos t l i k e l y have more d i f f i -
c u l t i e s and h i g h e r e x p e n d i t u r e s i n c a r r y i n g t h r o u g h a r e o r g a n i -
z a t i o n p r o c e s s t o p e r m i t p r o c e s s - r e : l a t e d u t i l i z a t i o n o f q u a l i f i -
c a t i o n s and s k i l l s t h a n c o m p a n i e s whose m a n u f a c t u r i n g work h a s 
t r a d i t i o n a l l y been l a r g e l y i n t h e h a n d s o f q u a l i f i e d , s k i l l e d 
w o r k e r s . T h i s n o t o n l y h o l d s t r u e i n r e g a r d t o homogenous q u a l i -
f i e d g r o u p w o r k , b u t a l s o f o r s t r u c t u r e s i n t h e s h o p f l o o r a r e a 
b a s e d on a c e r t a i n d e g r e e o f d i v i s i o n o f l a b o u r . R e t u r n i n g c e r -
t a i n p l a n n i n g , c o n t r o l and m o n i t o r i n g f u n c t i o n s t o t h e v i c i n i t y 
o f m a n u f a c t u r i n g work when c o m p u t e r - a i d e d i n t e g r a t i o n t e c h n o l o g y 
i s u t i l i z e d r e s u l t s i n new t y p e s o f j o b s and j o b r e q u i r e m e n t s 
w h i c h c a n n o t r e a d i l y be f u l f i l l e d by p e r s o n n e l p r e v i o u s l y em-
p l o y e d w i t h i n more c e n t r a l i s t i c s t r u c t u r e s b a s e d on a h i g h d e -
g r e e o f d i v i s i o n o f l a b o u r . 
A l t h o u g h t h e q u a l i f i c a t i o n s t r u c t u r e o f t h e g i v e n w o r k f o r c e w i l l 
c e r t a i n l y h a v e an e f f e c t on t h e c h o i c e and i n t r o d u c t i o n o f new 
t e c h n o l o g i e s and t h e r e s u l t i n g r e o r g a n i z a t i o n o f work p r o c e s s e s , 
t h i s f a c t o r c a n o n l y be r e g a r d e d as i n v a r i a b l e f r o m a s h o r t t e r m 
p e r s p e c t i v e . C h a n g e s can be b r o u g h t a b o u t more o r l e s s r a p i d l y 
by f u r t h e r t r a i n i n g and r e t r a i n i r g m e a s u r e s c a r r i e d o u t by t h e 
c o m p a n i e s t h e m s e l v e s f o r e x a m p l e , o r a l s o - o v e r medium and 
1 ' j nge r p e r i o d s o f t i m e - by a l t e r a t i o n s o c c u r r i n g on t h e company 
e x t e r n a l l a b o u r m a r k e t and w i t h i r t h e e d u c a t i o n and v o c a t i o n a l 
t r a i n i n g s y s t e m . 
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3. The P a r t P l a y e d by E d u c a t i o n and T r a i n i n g i n the Development 
of Fu ture F a c t o r y S t r u c t u r e s 
P r e s e n t l y t h e t e n d e n c i e s i n i n d u s t r y t o w a r d s t e c h n o l o g i c a l - o r -
g a n i z a t i o n a l c h a n g e a r e m e e t i n g w i t h w o r k f o r c e s t r u c t u r e s w i t h 
v a r y i n g d e g r e e s o f a f f i n i t y f o r a p r o c e s s - r e l a t 3 d u t i l i z a t i o n o f 
s k i l l s and q u a l i f i c a t i o n s . W h i l e t h e r e a r e c e r t a i n d e v i a t i o n s 
w i t h i n t h e n a t i o n a l f r a m e w o r k , b e t w e e n d i f f e r e n t b r a n c h e s , com-
p a n i e s w i t h d i f f e r e n t m a n u f a c t u r i n g , o r g a n i z a t i o n a l and p e r s o n -
n e l u t i l i z a t i o n s t r u c t u r e s e t c . , t h e s e d e v i a t i o n s a r e l i k e l y t o 
be c o n s i d e r a b l y g r e a t e r on a E u r o p e a n l e v e l , i ue t o t h e i r c e n -
t r a l m e d i a t i n g f u n c t i o n i n t h e d e t e r m i n i n g o f t h e q u a n t i t y and 
t h e q u a l i f i c t i o n s t r u c t u r e o f t h e w o r k f o r c e a v a i l a b l e f o r i n d u s -
t r i a l work t h e e d u c a t i o n and t r a i n i n g s y s t e m s , w h i c h a r e s t r o n g -
l y c o n d i t i o n e d by s p e c i f i c n a t i o n a l no rms and t r a d i t i o n s , a r e o f 
c o n s i d e r a b l e s i g n i f i c a n c e . 
As a s y s t e m a t i c , c o m p a r a t i v e a n a l y s i s o f t h e d i f f e r e n t E u r o p e a n 
e d u c a t i o n and v o c a t i o n a l t r a i n i n g s y s t e m s i s n a t u r a l l y n o t t h e 
i n t e n t o f t h i s p a p e r , we w i l l r e s t r i c t o u r s e l v e s i n t h e f o l l o w -
i n g t o p o i n t o u t s e v e r a l p r o b l e m c o n s t e l l a t i o n s w h i c h a r e i m p o r -
t a n t f o r t h e q u e s t i o n o f f u t u r e f a c t o r y s t r u c t u r e s . 
(1) An i n i t i a l p o i n t i s c o n c e r n e d w i t h t h e q u e s t i o n as t o t h e 
e d u c a t i o n and t r a i n i n g s y s t e m ' s c a p a b i l i t y o f s e c u r i n g a d e q u a t e 
manpower r e s e r v e s i n t e r m s o f q u a n t i t y and q u a l i t y f o r i n d u s t r i -
a l e m p l o y m e n t and p a r t i c u l a r l y f o r work i n t h e a r e a o f m a n u f a c -
t u r i n g . A t l e a s t i n t h e l o n g - t e r m a d e f i n i t e a f f i r m a t i v e a n s w e r 
t o t h i s q u e s t i o n can by no means be t a k e n f o r g r a n t e d . I t has 
been p a r t i c u l a r l y t h e e x p a n s i o n o f e d u c a t i o n a l o p p o r t u n i t i e s and 
t h e o p e n i n g o f s c h o o l s , u n i v e r s i t i e s and c o l l e g e s f o r s e c t i o n s 
o f t h e p o p u l a t i o n p r e v i o u s l y f o l l o w i n g o t h e r c o u r s e s o f e d u c a -
t i o n w h i c h has e n c o u r a g e d many young p e o p l e t o r e m a i n as l o n g as 
p o s s i b l e w i t h i n t h e e d u c a t i o n s y s t e m and t o t h e n s t r i v e f o r 
p o s i t i o n s o u t s i d e o f i n d u s t r y , p a r t i c u l a r l y t h o s e o u t s i d e o f t h e 
a c t u a l m a n u f a c t u r i n g a r e a w i t h a l l i t s a d v e r s e w o r k i n g c o n d i -
t i o n s s u c h as n o i s e , d i r t , s h i f t work e t c . T h i s p r o b l e m can 
c e r t a i n l y n o t be s i m p l y r e d u c e d t o t h e q u e s t i o n o f a p p r o p r i a t e 
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t r a i n i n g o f f e r s and f u n c t i o n i n g c o n t r o l m e c h a n i s m s i n t h e a r e a 
o f s c h o o l s and t r a i n i n g , b u t p o i n t s mos t c l e a r l y t o t h e c o n d i -
t i o n s o f w o r k i n g l i f e and c a r e e r c h a n c e s o f f e r e d by i n d u s t r i a l 
work i t s e l f . The c h a n c e s f o r r e c t r u i t i n g e m p l o y e e s f o r i n d u s t r i -
a l work m u s t , i n t h e l o n g r u n , be v i e w e d i n c o m p a r i s o n w i t h t h e 
w o r k i n g c o n d i t i o n s , e a r n i n g s and c a r e e r p a t t e r n s e t c . o f f e r e d 
e l s e w h e r e . 
(2) The q u e s t i o n as t o t h e n e c e s s a r y r e f o r m o f t h e t r a d e s and 
t h e c o n t e n t s o f v o c a t i o n a l t r a i n i n g mus t be r e g a r d e d i n t e r m s o f 
e d u c a t i o n and t r a i n i n g p o l i c i e s . T h e r e a r e many i n d i c a t i o n s t h a t 
i n t h e c o u r s e o f c o m p u t e r - a i d e d r a t i o n a l i z a t i o n p r o c e s s e s t h e 
l i n e s t r a d i t o n a l l y d rawn b e t w e e n e x i s t i n g t r a d e s and o c c u p a t i o n s 
w i l l become o b s o l e t e and t h a t new q u a l i f i c a t i o n s and s k i l l s w i l l 
become s i g n i f i c a n t . I t i s p a r t i c u l a r l y t h e work f o r m s o f p r o -
c e s s - r e l a t e d u t i l i z a t i o n o f s k i l l s and q u a l i f i c a t i o n s w h i c h seem 
a d v a n t a g e o u s t o t h e c o m p a n i e s f r o m many p o i n t s o f v i e w and w h i c h 
p u s h s t r o n g l y t o w a r d s a d i s s o l u t i o n o f t r a d i t i o n a l j o b c l a s s i f i -
c a t i o n s and d e m a r c a t i o n l i n e s b e t w e e n t r a d e s . W h i l e t e c h n i c a l 
k n o w l e d g e and s k i l l s r e l a t e d t o s p e c i f i c p r o d u c t s and m a n u f a c -
t u r i n g m e t h o d s w h i c h a r e n e c e s s a r y f o r c o p i n g w i t h m a n u f a c t u r i n g 
p r o c e s s e s o b v i o u s l y r e m a i n i m p o r t a n t , on t h e o t h e r hand a know-
how c o n c e r n i n g E D P , c o n t r o l t e c h n o l o g y and r e l a t e d t e c h n o l o g i c a l 
k n o w l e d g e n e c e s s a r y f o r m o n i t o r i n g , c o n t r o l l i n g and m a i n t a i n i n g 
more c o m p l e x m a n u f a c t u r i n g s y s t e m s i s b e c o m i n g i n c r e a s i n g l y 
i m p o r t a n t . A t p r e s e n t no g e n e r a l s o l u t i o n e x i s t s t o how s u c h 
q u a l i f i c a t i o n r e q u i r e m e n t s a r e t o be g r o u p e d and c o m b i n e d t o 
f o r m new j o b s and t r a d e s . A p a r t f r o m t h e v e r y l e n g t h y p e r i o d s o f 
t i m e r e q u i r e d f o r e s t a b l i s h i n g r e f o r m s w i t h i n t h e e d u c a t i o n and 
v o c a t i o n a l t r a i n i n g s y s t e m s , t h i s c e r t a i n l y a l s o has t o do w i t h 
t h e f a c t t h a t i n many c a s e s t h e a p p l i c a t i o n o f modern c o n t r o l 
and m a n u f a c t u r i n g t e c h n o l o g i e s h a s n o t y e t a d v a n c e d b e y o n d t h e 
p i o n e e r s t a g e and t h e r e f o r e company e x p e r i m e n t s c o n c e n t r a t e on 
t h e r e o r g a n i z a t i o n o f t h e r e m a i n i n g work t a s k s . 
I n t h e F e d e r a l R e p u b l i c o f Germany f o r e x a m p l e a b i l l c o n c e r n i n g 
t h e r e o r g a n i z a t i o n o f t h e i n d u s t r i a l m e t a l w o r k i n g t r a d e s was 
p a s s e d a t t h e end o f 1984 w h e r e b y t h e number o f r e c o g n i z e d 
t r a d e s was s t r o n g l y c u t back ( f r o m 42 t o 6 t r a d e s ) w h i l e t h e 
common ly r e q u i r e d b a s i c t e c h n i c a l k n o w l e d g e o f v a r i o u s f i e l d s 
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was i n c r e a s e d and k n o w l e d g e o f E D P , s y s t e m c o n t r o l and g e n e r a l 
p r o c e s s e n g i n e e r i n g i s more s t r o n g l y i n t e g r a t e d ( c o m p a r e B u s c h -
h a u s , G ä r t n e r e t a l . 1 9 8 4 ) . 
(3) A s i m i l a r e c u d a c t i o n a l p r o b l e m e x i s t s c o n c e r n i n g t h e c o m b i -
n a t i o n o f k n o w l e d g e and s k i l l s more t h e o r e t i c a l l y o r i e n t e d and 
t h o s e more c o n c e r n e d w i t h p r a c t i c a l a s p e c t s . N o t a l l E u r o p e a n 
c o u n t r i e s have a t r a d i t i o n o f a w o r k e r t y p e s i m i l a r t o t h e G e r -
man i n d u s t r i a l s k i l l e d w o r k e r who c o m b i n e s t h e o r e t i c a l and p r a c -
t i c a l s k i l l s as w e l l as a c o n s i d e r a b l e p o t e n t i a l f o r a d a p t i n g 
and l e a r n i n g i n a s p e c i f i c m a n n e r . T h i s t y p e o f q u a l i f i c a t i o n 
p r o f i l e c e r t a i n l y o f f e r s f a v o r a b l e c o n d i t i o n s f o r t h e r e a l i z a -
t i o n o f work s t r u c t u r e s a c c o r d i n g t o t h e m o d e l o f work g r o u p s 
w i t h homogenous s k i l l s , s p e c i a l l y i f t h e r e i s a w i d e r r a n g e o f 
common t e c h n i c a l k n o w l e d g e c o m p a r e d t o a more d i f f e r e n t i a t e d 
s t r u c t u r e o f j o b s and t r a d e s . H o w e v e r , when t h e o r e t i c a l and 
p r a c t i c a l k n o w l e d g e and s k i l l s a r e t a u g h t i n d i f f e r e n t e d u c a t i o -
n a l and t r a i n i n g c o u r s e s and i n d i f f e r e n t p l a c e s ( s u c h as s c h o o l 
and company) t h e n more d i f f e r e n t i a t e d f o r m s o f work s t r u c t u r i n g 
and u t i l i z a t i o n o f q u a l i f i c a t i o n s a r e f a r more l i k e l y t o o c c u r . 
(4 ) The f o r m i n w h i c h h i g h e r and a d v a n c e d t e c h n i c a l k n o w l e d g e i s 
t a u g h t a t i n s t i t u t i o n s s u c h as t e c h n i c a l c o l l e g e s and u n i v e r s i -
t i e s as w e l l as t h e t r a i n i n g p a t t e r n s and t h e s u b j e c t s empha-
s i z e d w i l l c e r t a i n l y be s i g n i f i c a n t f o r t h e d e v e l o p m e n t o f f u t u -
r e i n d u s t r i a l s t r u c t u r e : ; . T h e r e a r e s e v e r a l r e a s o n s f o r t h i s : 
o F i r s t o f a l l , t e c h n i c i a n s and e n g i n e e r s h a v e a c o n s i d e r a b l e 
i n f l u e n c e on t h e d e v e l o p m e n t a l p r o c e s s o f new c o n t r o l , m o n i -
t o r i n g and m a n u f a c t u r i n g t e c h n o l o g y ; t h e r e s e a r c h t r a d i t i o n 
and f o r m s o f l o g i c f o l l o w e d h e r e w i l l s u r e l y h a v e an e f f e c t -
p e r h a p s i n d i r e c t l y i n many c a s e s - on c e r t a i n h a r d w a r e and 
s o f t w a r e s o l u t i o n s . 
o S e c o n d l y t h e p r e s e n c e o r a b s e n c e o f t e c h n i c i a n s and e n g i n e e r s 
f r o m d i f f e r e n t p r o f e s s i o n a l f i e l d s and w i t h d i f f e r i n g o r i e n t a -
t i o n s w i t h i n company manage:ment w i l l be r e f l e c t e d i n t h e d e -
f i n i t i o n o f company p r o b l e m s and i n t h e t e c h n i c a l s o l u t i o n s 
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made on p r o d u c t v a r i a t i o n s , f o r e x a m p l e ) w i l l c a l l f o r d i f f e r -
e n t r e a c t i o n s , so t h a t s o l u t i o n s w i l l be s o u g h t i n t h e a r e a o f 
p r o d u c t i o n and c o n t r o l t e c h n o l o g y i n one i n s t a n c e o r i n t h e 
f i e l d o f work o r g a n i z a t i o n i n a n o t h e r . 
o F i n a l l y , t h e e n g i n e e r s and t e c h n i c i a n s t h e m s e l v e s c o n s t i t u t e 
an i m p o r t a n t p a r t o f t h e c o m p a n y ' s t o t a l w o r k f o r c e and t h e i r 
v a r y i n g a v a i l a b i l i t y and i n v o l v e m e n t i n c e r t a i n work s i t c a -
t i o n s i s n o t w i t h o u t e f f e c t on t h e d e v e l o p m e n t o f t h e s t r i c -
t u r e s o f i n - p l a n t d i v i s i o n o f l a b o u r . 
A c o m p a r i s o n o f t h e u t i l i z a t i o n o f f l e x i b l e m a n u f a c t u r i n g s y s -
t ems i n F r a n c e and i n G e r m a n y , f o r e x a m p l e , i n d i c a t e s t h a t c e r -
t a i n v a r i a t i o n s o f s y s t e m - c o n c e p t s and l a y o u t ( g r e a t e r s i g n i f i -
c a n c e o f t h e c e n t r a l c o m p u t e r and s o f t w a r e p r o g r a m s i n F r a n c e ; 
s t r o n g e r c o n c e n t r a t i o n on p r o c e s s i n g m a c h i n e s , h a n d l i n g f a c i l i -
t i e s and t r a n s p o r t s y s t e m s i n Germany ) d e f i n i t e l y have s o m e t h i n g 
t o do w i t h t h e d i f f e r e n c e b e t w e e n b o t h c o u n t r i e s w i t h r e g a r d s t o 
t h e s u p p l y s i t u a t i o n and t h e p r o f e s s i o n a l o r i e n t a t i o n o f e n g i -
n e e r s i n t h e u s e r c o m p a n i e s and t h a t t h e s e f a c t o r s a l s o have an 
e f f e c t on d i v i s i o n o f l a b o u r and j o b d e s i g n w i t h i n t h e s e manu-
f a c t u r i n g s y s t e m s ( c o m p a r e S c h u l t z - W i l d 1 9 8 6 b ) . 
I n t h i s c o n t e x t t h e p r o b l e m i s a l s o t o m e n t i o n how t o d i s t r i b u t e 
t h e r e l e v a n t t e c h n o l o g i c a l , o r g a n i z a t i o n a l and m a n a g e r i a l k n o w l -
edge c o n c e r n i n g t h e u s e o f modern c o m p u t e r - a i d e d t e c h n o l o g i e s 
s p e c i a l l y i n s m a l l e r and medium s i z e d c o m p a n i e s and i n l e s s 
i n d u s t r i a l l y d e v e l o p e d a r e a s o f E u r o p e . I n t h e p a s t t h e v e n d o r s 
o f C I M - c o m p o n e n t s h a v e made some e f f o r t s t o o f f e r n o t o n l y h a r d -
and s o f t w a r e b u t a l s o t h e r e l e v a n t so c a l l e d t e a c h w a r e . A l s o -
a t l e a s t i n t h e FRG - a g r e a t number o f i n t e r m e d i a t e , more o r 
l e s s i n d e p e n d e n t i n s t i t u t i o n s f o r k n o w l e d g e d i s t r i b u t i o n and 
r e t r a i n i n g i n t h i s f i e l d have e m e r g e d . B u t t h e r e s t i l l seems t o 
be a b r o a d f i e l d o f a c t i o n , s p e c i a l l y on an E u r o p e a n l e v e l o f 
p o l i c y i n r e s e a r c h , d e v e l o p m e n t , e d u c a t i o n and v o c a t i o n a l t r a i n -
i n g . 
(5) When t h e i n t r o d u c t i o n o f modern c o n t r o l and m a n u f a c t u r i n g 
t e c h n o l o g i e s e v o l v e s f r o m t h e p i o n e e r p h a s e and becomes 
c o n s i d e r a b l y more w i d e s p r e a d and p a r t i c u l a r l y when f o r m s o f 
p r o c e s s - r e l a t e d u t i l i z a t i o n o f s k i l l s and q u a l i f i c a t i o n s a r e 
r e a l i z e d i n t h e p r o c e s s , t h e n t h e p r o b l e m o f a d a p t i n g t h e 
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e x i s t i n g workforce i n t h e companies i n terms of q u a l i f i c a t i o n s 
must be d e a l t w i t h . When t h e i n i t i a l i n t r o d u c t i o n o f new t e c h -
n o l o g i e s o n l y a f f e c t s a few e m p l o y e e s d i r e c t l y , t h e n q u a l i f i c a -
t i o n p r o b l e m s c a n be a v o i d e d and t r a i n i n g e x p e n d i t u r e s r e d u c e d 
by c r e a m i n g o f f t h e b e s t s u i t e d w o r k e r s f o r t h e new j o b s . S u c h a 
p o l i c y o f c r e a m i n g o f f c a n n o t , h o w e v e r , s o l v e t h e p r o b l e m s a r i s -
i n g when l a r g e r s e c t o r s a r e a f f e c t e d by t e c h n o l o g i c a l - o r g a n i z a -
t i o n a l i n n o v a t i o n s . The c a p a c i t y and e f f i c i e n c y o f i n - p l a n t and 
p u b l i c t r a i n i n g i n s t i t u t i o n s a n d / o r v o c a t i o n a l r e t r a i n i n g i s now 
d e c i s i v e . P a r t i c u l a r l y t h o s e c o m p a n i e s w i t h a l a r g e number o f 
u n - s k i l l e d and s e m i - s k i l l e d w o r k e r s w i l l be c o n f r o n t e d w i t h t h e 
n e c e s s i t y o f c o n s i d e r a b l e e x p e n d i t u r e s and t r a i n i n g c a p a c i t i e s 
( i n - p l a n t a n d / o r company e x t e r n a l ) i n o r d e r t o a c h i e v e a d e q u a t e 
f u r t h e r t r a i n i n g s u i t e d t o a d u l t and a l r e a d y e x p e r i e n c e d w o r k -
e r s . The f a c t t h a t f u r t h e r t r a i n i n g m e a s u r e s c a n l e a d t o c o n s i d -
e r a b l e q u a l i f i c a t o r y a c h i e v e m e n t s when c e r t a i n p r e c o n d i t i o n s a r e 
1) 
p a i d a t t e n t i o n t o has been p r o v e d i n numerous c a s e s . 
(6) F i n a l l y i t must be pointed out t h a t forms of p r o c e s s - r e l a t e d 
u t i l i z a t i o n o f s k i l l s and q u a l i f i c a t i o n s w i t h i n t h e c o m p l e x 
m a n u f a c t u r i n g s y s t e m s n e c e s s i t a t e new f o r m s o f c o o p e r a t i o n , 
p a r t i c u l a r l y when a h i e r a r c h i c a l d i s t r i b u t i o n o f r e s p o n s i b i l i t y 
i s r e f u t e d and more open and l e s s r i g i d f o r m s o f t a s k d i s t r i b u -
t i o n a r e p r a c t i s e d . The c a p a b i l i t y and w i l l i n g n e s s t o c o o p e r a t e 
a r e s p e c i f i c r e q u i r e m e n t s , w h i c h p a r t i a l l y c o n t r a d i c t t h e t r a d i -
t i o n a l f o r m s o f i n d i v i d u a l l e a r n i n g and i n d i v i d u a l work p e r f o r m -
a n c e . As f a r as t h i s i s s u e i s c o n c e r n e d , i t d o e s n o t s u f f i c e t o 
m e r e l y f o r m u l a t e t h e demand made on t h e e d u c a t i o n and v o c a t i o n a l 
t r a i n i n g s y s t e m s t o p l a c e a s t r o n g e r e m p h a s i s on c o l l e c t i v e 
l e a r n i n g p r o c e s s e s , b u t i t must be s t a t e d t h a t new f o r m s o f 
c o o p e r a t i o n r e q u i r e t h e s u p p o r t o f a d e q u a t e wage and g r a t i f i c a -
t i o n s y s t e m s w i t h i n i n d u s t r i a l c o m p a n i e s . P a r t i c u l a r l y when 
g r o u p work i s more s t r o n g l y f a v o r e d t h i s a l s o means t h a t new 
c a r e e r p a t t e r n s must be d e v e l o p e d o r o t h e r ways and means must 
1) Compare f o r e x a m p l e S c h u l t z - W i l d , A s e n d o r f e t a 1 . 1 9 8 6 ; s e e 
a l s o t h e r e l e v a n t r e c o m m e n d a t i o n s f u r t h e r b e l o w i n t h i s v o l u -
me . 
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be found of ensuring t h a t manufacturing work w i l l , a l s o i n the 
long run, continue to o f f e r s u f f i c i e n t l y a t t r a c t i v e chances of 
earning and reasonable working c o n d i t i o n s . 
S u r e l y more d i f f e r e n t i a t e d o b s e r v a t i o n and a n a l y s i s w o u l d be 
n e c e s s a r y i n o r d e r t o e s t a b l i s h i n d e t a i l how t h e p r o b l e m s men-
t i o n e d h e r e c o u l d be s o l v e d i n t h e l i g h t o f t h e d i f f e r e n t t r a d i -
t i o n s and c o n d i t i o n s i n e d u c a t i o n and e m p l o y m e n t p r e v a i l i n g i n 
t h e v a r i o u s E u r o p e a n c o u n t r i e s so t h a t f a v o r a b l e c o n d i t i o n s 
w o u l d be c r e a t e d f o r t h e d e v e l o p m e n t o f f u t u r e f a c t o r y s t r u c -
t u r e s . 
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INTRODUCTION 
There is ample evidence that the avai labi l i ty of computer technol-
ogy combined with f ierce global competition is presently revolu-
tionizing manufacturing firms in the European Community. 
Several chapters in this report bear witness to the growing body 
of research on this topic. Man-machine relat ions, the nature of 
work, the production-organization and the educational system, a l l 
are rapidly being transformed. As the technology, economics and 
organizational rules of manufacturing are changing, it must equal-
ly be clear that the interrelationships between firms must also 
change. There has been quite some speculation on this issue in 
industrial c i r c l e s , but very l i t t l e adequate empirical evidence on 
how industrial structure is changing due to the introduction of 
new production systems. This an. lys is w i l l therefore be necessar-
i l y lacking in results of empirical research. Nevertheless i t 
seems worthwhile to structure the issues that have been brought 
forward. We w i l l focus our attention in section 2 on the changes 
presently taking place in subcontracting relationships. Changes in 
the area of regional clustering of firms and technology oriented 
collaborative networks between firms in general w i l l be br ie f ly 
looked at separately in section 3. 
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SUBCONTRACTING RELATIONSHIPS 
The landscape of subcontract in;; is more complex than often as-
sumed. When analyzing changes :n subcontracting relationships i t 
is useful to keep the following typology in mind of roles played 
by firms in that landscape. 
1. Original Equipment Manufactu"ers (OEM's). These are the firms 
that develop, design, produce and market products under their 
own brandname. Their in-housa manufacturing may in some cases 
be restricted to only the v i ta l or core processes, on which the 
exclusive nature of the product on the market is based. Final 
assembly is almost always ore of these. Simpler functions and 
special subsystems and components can be subcontracted to 
others. 
2. System Suppliers are firms hat supply complex systems to be 
integrated in the f ina l pro !uct of the OEM's, based on their 
own specialized technical kiowledge. Classic examples are jet 
engines, brakes and transmis: ions for automobiles, and catering 
to a i r l ines . Note that service sector firms can increasingly be 
seen as System Suppliers. 
3. Component Manufacturers supj ly parts to OEM's or to Systems 
Suppliers which can be techi ological ly complex, but which are 
not to any great extent atapted to the special demands of 
different customers. Examples are automobile t i res , lamps and 
standard microprocessors. 
4. Material Suppliers produce elatively simple, multi-user mass 
goods such as wire, paint ind steel , generally at commodity 
prices. They are dependent t n economies of scale. Very l i t t l e 
individual service or adapt; tion of the product is offered to 
the customer. Materials Sup? l iers and Component Manufacturers 
who want to increase their rargins and exploit technical know-
how by offering technical se vice and individual adaptations in 
a sense become Systems Sup] l i e r s . We see this strategy, for 
example, among chemical firms that w i l l go to great lengths to 
support technologically thei customers in the plastic products 
industry. 
5. Jobbers form the category of firms that produce parts or, more 
generally, perform manufact iring functions, based on speci-
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f i c a t i o r t s drawn up by t h e i r customers. They are specialized in 
particular standardized manufacturing processes, f o r example 
c u t t i n g , galvanizing, machining. 
Figure 1 gives a simplified v i ;w of the subcontracting inter -e-
lationships between firms. The core-periphery hierarchy refle :ts 
different degrees of technological independence with respect to 
product innovation, which can also be referred to as design 
leadership. Jobbers of course may be highly technically advanced 
and even have exclusive knowlecge of the production process. No 
value-judgment is intended by tha design leadership hierarchy. 
The percentages in figure 1 at 0 to 360 degrees of the c i rc le 
allow the indication of value , dded for a particular machine or 
piece of equipment by each of the f ive types of firms. A total 
of 360° in the circles adds up to 100% of value added. Changes 
in these percentages are a meas ire of change in industrial struc-
ture. 
There is a very pervasive treid in which industrial firms are 
turning away from vert ical integration of their ac t iv i t i es . 
This is a logical consequence < f the shift since the post World 
War II reconstruction period to a period of f u l l supply and 
l ibera l international trade. 1 ower has shifted from producers 
to buyers. Make or buy decisic ns in firms are increasingly re-
sulting in the latter option. Firms are retreating to their 
core business in which they have some exclusivity. The Japanese 
economy is a leading example in this . This trend results |in 
an increase in the volume ol subcontractors relative to ¿1.1 
production in industry. A recc nt Dutch study found that fu l ly 
80% of 500 surveyed firms reported that their subcontracting 
had increased sharply in the pai t few years. 
At the same firms demand more rom their subcontractors in terms 
of quality and f l e x i b i l i t y . S ibeontractors that lag behind in 
introducing 'new production systems' r isk losing their market. 
A complicating factor is that :ustomer firms (e.g. OEM's) under 
pressure of restructuring ofti n stress shor-term relationships 
with subcontractors, expecially jobbers, based on price and 
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time pressure. This can be a barrier to long term improvement 
in the subcontractor's manufacti ring technology. A negative vicious 
c i rke l of dependency and low investment in manufacturing capa-
b i l i t y can be the result . Th<i quality of labor is then also 
l ike ly to suffer. More competit-ve OEM's are moving in a different 
direct ion. They are moving tcward contracts based on periods 
of time rather than on quanti ies of products. Such strategies 
allow the subcontractor to improve his manufacturing technology, 
including human recource management. The tendency to reduce 
the number of subcontractors me; ns a shake-out, which is presently 
taking place. For example, 0 :e-van der Grinten has recently 
reduced i ts number of subcontractors from 5.000 to 350. 
When design capability enters it to the subcontracting relationship 
customers demand technical anc f inancial r isk taking by their 
subcontractor 'partners' . It if logical that, as vert ical inte-
gration in industry is decreased, more sensitive relations are 
required between subcontracting partners. This is also referred to 
as co-makership. Again, we se< a more intensive management of 
relations with fewer sub-contr; ctors. Large firms in Europe are 
talking of reducing the total nvmber of subcontractors, at d i f fe r -
ent levels of the hierarly in iigure 1, by 30 to 40 percent. The 
result in terms of industrial s:ructure could be fewer but larger 
subcontracting firms. 
Exporting products to global markets, expecialy the U.S. , exposes a 
firm to demands from l iab i l i ty insurance companies which force 
quality accounting systems to be set up. Every manufacturing error 
must be traceable. Therefor si bcontractors must adapt to these 
systems, i f they want to survive. 
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2 . 3 . Technological trends 
The 'new production systems' result by way of computer integrated 
manufacturing (CIM) in a high degree of intergration of productive 
act iv i t ies within the firm. The new factory can be characterized 
as follows: 
- production in respose to demand; machines wait for products 
rather than the other way arcund; just-in-time production 
- product oriented rather thai functional organisation of the 
production 
- minimum changeover costs 
- maximum f l ex ib i l i t y and qu id turnaround capability 
- minimum downtime for unanticipated maintenance, but continuous main 
tenance attention. 
maximum product-family range 
the ab i l i ty to handle increasingly complex product design and 
technology 
- maximum respronsiveness to sirges in demand. 
Such internal integration and f 1 ex ib i l i sa t ion of production leads, 
at least hypothetically, but alto based on signals from industry, to 
the following technical trends. These are generally reinforced by 
some of the economic trends indicated above. It should be kept in 
mind that more empirical research is needed to assess the precise 
extent and speed of these technical trends. 
Increased use of f lexible automation is leading toward pull ing 
back of some smaller series 'rom subcontractors. This is due 
not only to the f l ex ib i l i t y of the new systems but also due to 
the jump in capacity they often represent. 
New subcontracting relations!ips are increasingly requiring 
much closer technical contact; between personnel of the part-
ners. Cultural barriers can become a hindrance in Europe to 
fu l ly exploiting the possibi lLt ies of subcontracting and true 
co-makership. There are too few technicians in Europe with the 
experience and attitude to bridge such barr iers. Early experiences 
in the ESPRIT program seem to attest to this . 
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Adopting the software standards of the customer is increasingly 
a requirement for subcontracting, also for previously very i n -
dependent jobbers. The Manufacturing Automation Protocol (MAP) 
is quickly being diffused at present, perhaps whilly n i l l y . 
For example, Austin-Rover subcontractors are reported to be 
quite unhappy about being requ red to adopt the Computer-Vision 
CAD system. New technology to inprove the compatibility of soft-
ware, while perhaps not in the i i terest of any one producer, would 
act to redress the presently threatening software dependencies. 
J . I .T . production management aid quality assurance are becoming 
more and more important at a :ast pace. This is putting great 
pressure on many firms to improre their technological competence. 
The following levels of manufac turing technology can be d is t in -
guished. 
1. leading edge technology 
2. state-of-the-art technology 
3. commo practice technology 
4. backward technology 
As manufacturing technology is developing rapidly on the c r i t i ca l 
dimensions of J .J.T. and quality assurance, the great majority 
of subcontracting firms at levels three and four are in acute 
danger of being left behind. Especialy technologically 
isolated firms are in danger of not surviving the coming shake-out 
This can do lasting damage to the European industrial structure 
and to particular sectors and regions. 




The economic and technical trends presented above may also have 
effects on the regional clustering of firms. Trends in the nature 
of the process of the developnent of new products as well as 
in the nature of manufacturing are leading in the direction of 
closer ties between firms. In sime cases this has already resul -
ted in the re-location of suo-contracting and services to a 
particular region. Production is called back from distant countries 
and peripheral regions that only offer low costs of labour or 
government subsidies. Just-in-time manufacturing favours shorter 
distances to subcontractors and therefor geographical concentration 
Co-makership and joint development of products favours firms 
from the same culture and even from the same region. The increasing 
dependency of industrial firms on service firms also encourages 
the trend of geographical concentration. It can therefore be stated 
that regional development must increasingly be based on specia l isa-
t ion. This specialisation wil l not so much be based on tradit ional 
comparative advantages in terms of the price of the production 
factors, but based on h is tor ica l ly and cultural ly inbedded ad-
vantages in terms of human rescourr.es. This trend can be seen as 
a threat to the aspirations of non-industrial peripheral regions 
of Europe wishing to base their economic development on the 
import of high technology branch plants. 
TECHNOLOGICAL CALLOBORATION AND NETWORKS 
The new trends in industry mean that large numbers of firms 
are in danger of becoming technologically isolated at a time 
of rapid technological change, for many this could be fata l . 
The succesful firms of the future wi l l need to be part of tech-
nological networks, in which information exchange and learning 
about the latest techniques takes place. Such networks can be 
based on single very large OEM's. Japanese automobile manufacturers 
in the U.K. have been seen actualy creating such networks, very 
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t i g h t l y managed, out of a p r e v i o u s l y incoherent and "backward 
technology" group of l o c a l subcon t rac to rs . But networks can a l s o 
be based on programmes of p re -compe t i t i ve r e s e a r c h , on u n i v e r s i t y 
i n s t i t u t e s or on branch i n s t i t u t e s , f o r example a brewery i n s t i -
t u t e , o f ten w i th a s t rong r e g i o n a l o r i e n t a t i o n . Such networks are 
created and can perform a very useful function in a situation of 
rapidly developing technologies and isolated producers. The 
stormy introduction of new systems of production certainly seems 
to represent such a situation and should therefore be the object 
of interfirm network building by loca l , regional, national or 
supra-national in i t ia t ives . 
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4.1 THE INTEGRATION OF PRODUCTION PROCESSES AT FIRM LEVEL. 
A b s t r a c t . 
C o n s i d e r a b l e i n t e r e s t i s c u r r e n t l y being expressed in the 
concept of Computer In tegra ted Manufac tur ing (CIM). In i t s 
b roadest s e n s e , CIM r e f e r s to the i n t e g r a t i o n of a l l a s p e c t s of 
manufac tur ing w i t h i n a networked computer sys tem, o f f e r i n g the 
p o s s s i b i l i t y of c o n t r o l l i n g and o p t i m i s i n g the performance of a 
f a c t o r y as i f i t were a s i n g l e complex machine ( 1 ) . 
Some i n t e r e s t i n g c o n c l u s i o n s r e g a r d i n g the d i f f u s ion and 
implementat ion of F l e x i b l e Manufac tur ing Systems (FMS) as an 
example of the e a r l y s tages of CIM, are b e g i n n i n g to appear from 
s t u d i e s be ing c a r r i e d out at B r i g h t o n P o l y t e c h n i c in the 
Un i ted Kingdom ( 2 ) . In more than seventy i n t e r v i e w s wi th 
manufac tur ing e n g i n e e r i n g companies, s u p p l i e r s of sof tware and 
hardware, and o ther t r a d e , r e s e a r c h , anct government ibd ies -
suppor ted by an e x h a u s t i v e l i t e r a t u r e survey - two, major 
c h a r a c t e r i s t i c s emerge. F i r s t , the need f o r a l l aspec ts of 
manufac tur ing to be i n t e g r a t e d , and second , the need to c o n s i d e r 
not j u s t FMS, but more i m p o r t a n t l y , f l e x i b i l i t y in 
manufac tur ing and i n i t s o r g a n i s a t i o n a l and m e t h o d o l o g i c a l 
i n t e r f a c e s . 
The main aim of the r e s e a r c h was to see how f a r the d i f f a s i o n of 
automated manufac tu r ing t e c h n o l o g i e s had p r o g r e s s e d i n :he U.K. 
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and FMS (and F l e x i b l e Manufac tur ing C e l l s ) were seen as the 
f i r s t major s t e p towards f u l l Computer I n t e g r a t e d Manufac tur ing 
(CIM). The f i r s t pa r t of t h i s paper , which i s concerned mainly 
w i th the metal removal i n d u s t r i e s , (FMS, i s of c o u r s e , 
a p p l i c a b l e to a wide range of o ther i n d u s t r i e s such as 
f u r n i t u r e , rubber and p l a s t i c s , f o u n d r i e s , e t c , ) and g i v e s a 
b r i e f o u t l i n e of the r e s e a r c h and i t s f i n d i n g s , and the l a t t e r 
s e c t i o n s d e a l wi th a number of p o l i c y i s s u e s . 
A l though the r e s e a r c h was most ly concerned wi th the t e c h n i c a l 
a s p e c t s of FMS, i t became i n c r e a s i n g l y c l e a r to us t h a t i n many 
i n s t a n c e s a r e - e v a l u a t i o n of the o r g a n i s a t i o n of p r o d u c t i o n 
and the methods employed was at l e a s t as impor tant f o r the 
companies t h a t we i n t e r v i e w e d . 
4.1.1 I n t r o d u c t i o n : The Trend to Computer I n t e g r a t e d 
M a n u f a c t u r i n g . 
As i n a l l o ther c o u n t r i e s , the i n t r o d u c t i o n of computers in the 
UK has tended to be r a t h e r fragmented in the p a s t . There was 
l i t t l e of i t , i t was e x p e n s i v e , p h y s i c a l l y energy and space 
consuming, few people who knew how to run i t e f f e c t i v e l y , and i t 
was devoted to s p e c i f i c f u n c t i o n s , such a s , s a l a r i e s or t o o l 
s t o c k s . A l l these f a c t o r s are now r a p i d l y changing and the 
i n t e g r a t i o n of a l l of a s p e c t s of manufac tu r ing i s growing from 
the r e c e i p t of o r d e r s through d e s i g n , p l a n n i n g , p r o d u c t i o n , 
assembly , d e s p a t c h , e t c . T h i s can be v i s u a l i s e d by r e f e r e n c e to 
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a m o d e l o f f e r e d by K a p l i n s k y ( 3 ) . 
He suggests tha t manufactur ing can be d i v i d e d i n t o three; 
d i s t i n c t spheres of a c t i v i t y - d e s i g n , m a n u f a c t u r i n g , and: 
c o o r d i n a t i o n , (F igure One) . H i s t o r i c a l l y these a c t i v i t i e s tended 1 
:o be d i s c r e t e and the p r o c e s s has been one of t e c h n o l o g i c a l and 1 
o r g a n i s a t i o n a l change l e a d i n g f i r s t to i n t e g r a t i o n w i t h i n 
spheres and l a t e r to i n t e g r a t i o n between s p h e r e s . A good example; 
of t h i s p r o c e s s can be seen in the case of machine t o o l s ; i n the! 
e a r l y f a c t o r i e s , each o p e r a t i o n was c a r r i e d out by a s ing le ! 
s p e c i a l purpose machine. G r a d u a l l y the re was an i n t e g r a t i o n , ! 
f i r s t of the f u n c t i o n s which a s i n g l e machine t o o l c o u l d perform; 
and l a t e r , wi th the advent of numer ica l c o n t r o l , of the s k i l l e d 
o p e r a t o r i n p u t . L a t e r s t i l l came the p r i n c i p l e s of d i r e c t 
numer ica l c o n t r o l whereby a se t of m u l t i - f u n c t i o n machine t o o l s 
can be c o n t r o l l e d w i t h i n a p r o d u c t i o n c e l l by a master computer. 
Cur ren t i n t e r e s t i s f o c u s s e d on FMS which permi t h a n d l i n g and 
t r a n s p o r t to be automated ( v i a r o b o t s , au tomat ic c o n v e y o r s , 
automated gu ided v e h i c l e s , e t c , ) , p r o d u c t i o n s c h e d u l i n g and 
i 
o v e r a l l o p e r a t i o n s c o n t r o l a l l under computer c o n t r o l . T h i s i s a 
c l e a r example of i n t e g r a t i o n between s p h e r e s , b r i n g i n g together 
the c o o r d i n a t i o n and p r o d u c t i o n a c t i v i t i e s ; o t h e r examples 
i n c l u d e computer a i d e d d e s i g n and manufac tur ing (CAD/CAM), and 
CAD l i n k s i n t o computer -based i n v e n t o r y c o n t r o l and p u r c h a s i n g 
sys tems . F a c i l i t a t e d by the f a c t tha t e l e c t r o n i c s p r o v i d e s thej 
common language necessary f o r i n t e r - s p h e r e communicat ionsuch 
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convergance i n e v i t a b l y leads to the idea of f u l l y 
c o m p u t e r - i n t e g r a t e d manufac tur ing i n which a l l spheres of 
manufac tur ing are l i n k e d . 
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F i g u r e Two . 
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In the K a p l i n s k y model we are o f f e r e d a p i c t u r e of i n t e g r a t i o n 
w i t h i n the f i r m . Here we a n t i c i p a t e growing l i n k s between f i r m s 
as w e l l . I f t h i s i s the case then t h e r e w i l l a l s o be a growing 
need to e s t a b l i s h an o v e r a l l communicat ions system which would 
a l l o w common s tandards w i t h i n Open Systems I n t e r c o n n e c t i o n 
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networks e g , the Genera l Motors i n i t i a t i v e - Manufactur ing 
Automated P r o t o c o l (MAP) - , or the I n i t i a l G r a p h i c s Exchange 
"i 
S p e c i f i c a t i o n IGES) . 
4 . 1 .2 The B e n e f i t s of F l e x i b l e Manufac tur ing Systems. 
F l e x i b l e manufac tur ing systems o f f e r a number of s o L u t i o n s to 
both the i n t e r n a l and e x t e r n a l c o m p e t i t i v e p r e s s u r e s be ing 
i n c r e a s i n g l y f e l t by companies . I n t e r n a l l y , o f p a r t i c u l a r 
importance are the wide range range of problems a s s o c i a t e d wi th 
ba tch manufac ture . Such problems i n c l u d e : 
- Long p r o d u c t i o n l ead t imes 
- High i n v e n t o r y l e v e l s of raw m a t e r i a l s , wor-c in 
p r o g r e s s and f i n i s h e d goods 
- Low machine u t i l i s a t i o n due to long s e t - u p t imes and 
product changes 
- Low machine u t i l i s a t i o n downstream of bo t t l eneck : . , 
- Queuing problems at b o t t l e n e c k o p e r a t i o n s | 
- Problems i n i n t r o d u c i n g new p r o d u c t s 
- Poor d e l i v e r y performance 
- Poor q u a l i t y c o n t r o l 
- High s c r a p l e v e l s 
- Poor p r o d u c t i o n c o n t r o l , l e a d i n g to h igh overheads -
f o r example, i n p r o g r e s s c h a s i n g , e t c , . 
One i n d i c a t i o n of the ex ten t to which such manufac tur ing j 
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c o n d i t i o n s r e p r e s e n t a t h r e a t to e f f i c i e n c y i s the f a c t t h a t i n 
many f i r m s a product w i l l spend up to 95% of i t s t i n e i n the 
f a c t o r y moving around or queueng, w i th v a l u e adding o p e r a t i o n s 
o f t e n a c c o u n t i n g f o r o n l y 2% or so of the t ime spent i n the 
f a c t o r y . 
The p o t e n t i a l b e n e f i t s of FMS s t y l e t e c h n o l o g i e s are 
c o n s i d e r a b l e . In our s tudy we d i s c o v e r e d q u i t e d ramat ic changes 
i n a whole s e r i e s of impor tant manufac tur ing c r i t e r i a , such a s : 
Lead T imes , reduced on average by -74% 
Work i n P r o g r e s s , reduced on average by - 6 8 % 
Stock T u r n o v e r , i n c r e a s e d on average by 350% 
Machine U t i l i s a t i o n , i n c r e a s e d on average by +63% 
(Up from say 50% w i th CNC to more than 80% w i th FMS) 
G iven t h a t an es t imated £23B i s c u r r e n t l y he ld i n m a t e r i a l s and 
components i n U.K manufac tur ing e n g i n e e r i n g the b e n e f i t s f o r the 
average company are o b v i o u s l y very c o n s i d e r a b l e . Data on FMS i s 
s t i l l f a i r l y l i m i t e d s i n c e such systems are i n the e a r l y s tages 
of d i f f u s i o n and most have on ly r e c e n t l y been i n s t a l l e d . 
However, one of the key p o i n t s which i s emerging from t h i s e a r l y 
e x p e r i e n c e i s a need f o r s i g n i f i c a n t o r g a n i s a t i o n a l change to 
o b t a i n the f u l l b e n e f i t s from new t e c h n o l o g y . I t appears that 
t h i s f a c t o r i s l i k e l y to be an impor tant de terminant of how wel l 
f i r m s are a b l e to a p p r o p r i a t e the b e n e f i t s of CIM; at present 
t h e r e i s c o n s i d e r a b l e l a g between the a d o p t i o n of technology 
a d o p t i o n and tha t o f o r g a n i s a t i o n a l a d a p t a t i o n . As Perez (9) 
sugges ts t h e r e i s " a s e r i o u s mismatch between the 
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s o c i o - i n s t u t i o n a l sphere and the new dynamics i n the 
techno-economic s p h e r e " . 
These moves towards h i g h l y - i n t e g r a t e d techno logy f o r the 
" f a c t o r y of the f u t u r e " w i l l r e q u i r e a major r e t h i n k about 
p r o d u c t i o n o r g a n i s a t i o n and management. T r a d i o n a l "best 
p r a c t i c e " i n p r o d u c t i o n e n g i n e e r i n g w i l l have to be combined 
w i th new management t e c h n i q u e s and o r g a n i s a t i o n a l forms 
i n c l u d i n g a r e - e x a m i n a t i o n of the r e l a t i o n s h i p s between the 
work force and the t e c h n o l o g y , and the p o l i t i c a l and s o c i a l 
o b j e c t i v e s of management. F o l l o w i n g Dos i (10) , such a p a t t e r n 
might r e p r e s e n t a new p r o d u c t i o n parad igm. As Perez s u g g e s t s : 
"When the f u l l c o n s t e l l a t i o n of a new techno-economic 
paradigm tends to take over the bulk of p r o d u c t i o n 
w i t h i n a s o c i e t y , i t w i l l not y i e l d i t s f u l l growth 
p o t e n t i a l u n t i l the s o c i o - i n s t i t u t i o n a l framework i s 
t r a n s f o r m e d t o adapt to i t s r e q u i r e m e n t s " . 
E x t e r n a l l y f i r m s are being f o r c e d to respond much more c l o s e l y 
to customer demand. T h i s means s h o r t e r l ead t imes on d e l i v e r y , 
b e t t e r d e l i v e r y per formance , h i g h and c o n s i s t e n t q u a l i t y , and 
p a r t i c u l a r l y , the a b i l i t y to meet an i n c r e a s i n g l y customised 
product s p e c i f i c a t i o n . With many markets becoming much more 
f a s h i o n - l i k e w i th s h o r t e n i n g product l i f e c y c l e s , t h i s puts 
severe p r e s s u r e on f i r m s to deve lop more f l e x i b i l i t y and 
r e s p o n s i v e n e s s c h a r a c t e r i s t i c s which have been termed 
"manufac tur ing a g i l i t y " . I t i s s i g n i f i c a n t to note t h a t these 
p r e s s u r e s f o r a g i l i t y are c o n f r o n t i n g even f i r m s i n the mass and 
f low l i n e s e c t o r s , where t r a d i t i o n a l p a t t e r n s of s c a l e economy 
are be ing r e p l a c e d by growing demand f o r s m a l l e r q u a n t i t i e s of 
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more customer s p e c i f i c p r o d u c t i o n and v a r i e t y - what have b e e n 
termed "economies of scope" (11) 
I t i s i n response to these t rends tha t the v a r i o u s e lements of 
CIM have begun to e v o l v e and c o n v e r g e , and FMSs are one o f the 
major i n n o v a t i o n s i n t h i s a r e a . 
4 . 1 . 3 CIM or C/HIM?. 
Much of the c u r r e n t d i s c u s s i o n of i n t e g r a t i o n has c e n t r e d on 
Computer I n t e g r a t e d Manufac tur ing (CIM). However, our r e s e a r c h 
c o n v i n c e s us of the need to t h i n k more i n terms of Computer/ 
Human I n t e g r a t e d M a n u f a c t u r i n g . A l though many b e n e f i t s can be 
o b t a i n e d and g i v e suppor t to the c l a i m s f o r the p o t e n t i a l o f 
advanced manufac tur ing t e c h n o l o g i e s , g e t t i n g t h e best 
per formance from them i n v o l v e d c o n s i d e r a b l y more than s imply 
t a k i n g the d e c i s i o n to adopt the t e c h n o l o g y . T h i s c o n f i r m s the 
f i n d i n g s of o t h e r workers (such a s , S e n k e r ( 1 2 ) , F l e c k (13) , and 
Voss (14) ), who p o i n t out that g e t t i n g up t o best p r a c t i c e 
per fo rmance , or a c h i e v i n g the k ind o f b e n e f i t s which s u p p l i e r s 
o f f e r , can take months or even y e a r s . In p a r t i c u l a r , as Voss 
s u g g e s t s , what i s needed in s u c c e s s f u l implementat ion i s 
s imu l taneous t e c h n o l o g i c a l and o r g a n i s a t i o n a l change. 
In terms of s k i l l , t h e o r i e s based on the d i v i s i o n of labour and 
economies of s c a l e seem to be becoming supp lan ted by m u l t i 
s k i l l i n g and economies of s c o p e . These are much more r e l e v a n t to 
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p r o d u c t i o n requ i rements where i n ba tch m a n u f a c t u r i n g , f o r 
example, around 70% of output i n metal manufac tur ing l i e s i n 
batches of l e s s than f i f t y . FMSs and C e l l s , which answer many 
of these p r o d u c t i o n prob lems, c a l l f o r m u l t i p l i c i t y of s k i l l s 
(eg, s e t t i n g , programming, s imple main tenance , d i a g n o s t i c 
s k i l l s , e t c , ) r a t h e r than employing a wide range of s p e c i f i c a l l y 
s k i l l e d p e o p l e . T h i s can be seen i n a recen t study of 
Messerschmidt -Bo lkow-Blum (M.M.B) (one of the l a r g e s t F.M.S 
i n s t a l l a t i o n s ) which needed e x c e p t i o n a l l y h igh l e v e l s of h i g h l y 
s k i l l e d maintenance personne l i n o r d e r to keep i t running 
e f f e c t i v e l y (15) . 
At tempts to d e v e l o p a f u l l y automat ic f a c t o r y wi th no human 
i n t e r v e n t i o n whatsoever are u n l i k e l y to meet wi th much success 
because of the enormous r i s k s and c o s t s a s s o c i a t e d wi th 
d e v e l o p i n g s u i t a b l e sof tware to c o n t r o l such sys tems. As Brodner 
s t a t e s : 
"Most managers and p r o d u c t i o n p l a n n e r s f o l l o w a 
s t r a t e g y to r e p l a c e human work s t i l l f u r t h e r by e n f o r c e d 
use of computers on the shop f l o o r and i n the t e c h n i c a l 
o f f i c e i n an i n t e g r a t e d manner. S i n c e t h i s s t r a t e g y i s 
i n danger of c r e a t i n g new prob lems, the growing m i n o r i t y 
seek to a v o i d them by r e o r g a n i s i n g p r o d u c t i o n and 
r e a r r a n g i n g the d i v i s i o n of f u n c t i o n s between man and 
machine i n a way tha t makes use of the w o r k e r ' s s k i l l s 
i n s t e a d of r e d u c i n g them to o p e r a t i n g s e r v a n t s " (16) . 
Research by W a l l , et a l , (17) , f o r example , has bf-gun to 
demonstrate the importance of r e t h i n k i n g o p e r a t o r r o l e s w i t h i n 
advanced manufac tur ing sys tems. In t h e i r work on smal l f l e x i b l e 
c e l l s they found t h a t i n a d d i t i o n to a d e s k i l l i n g machine 
minding r o l e , t h e r e was a need f o r a h i g h l y s k i l l e d "opera to r 
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midwi fe" r o l e which i n v o l v e d i n t e r v e n i n g when problems wi th the 
l a r g e l y automated c o n t r o l system emerged. I t i s important to 
note t h a t the o b j e c t i v e i n such systems moves from one in which 
l abour i s seen as a necessary e v i l and a c o s t i tem to be reduced 
or e l i m i n a t e d wherever p o s s i b l e , to one i n which i t i s seen as 
be ing an important a i d to keeping the u t i l i s a t i o n of the system 
h i g h - and thus to r e c o v e r i n g i t s h i g h c a p i t a l c o s t s . 
There has a l s o been some debate r e g a r d i n g the e r o s i o n of 
d i s t i n c t i o n s between " d i r e c t " and " i n d i r e c t " l a b o u r , wi th 
i n c r e a s i n g dépendance on the t r a d i t i o n a l l y d e f i n e d i n d i r e c t 
workers to keep such systems r u n n i n g . Perhaps of g r e a t e s t 
importance i s i n the f i e l d s of maintenance where t h e r e i s a need 
to examine the p a t t e r n of s k i l l a v a i l a b i l i t y and i t s 
development . T e c h n o l o g i c a l i n t e g r a t i o n i s b r i n g i n g a number of 
new demands i n the s k i l l s r e q u i r e d of an i n d i v i d u a l , 
p a r t i c u l a r l y i n the a reas of more f l e x i b i l i t y and b r e a d t h . 
Senker (18) , and Senker & A r n o l d (19) , i d e n t i f i e s t h i s need in a 
number of a p p l i c a t i o n s and i n d u s t r i e s ; p o i n t i n g out tha t the 
major i n f l u e n c e which p r o v i s i o n o f , or lack of s u i t a b l e s k i l l s 
and t r a i n i n g can have on the speed wi th which f i r m s are a b l e to 
a c h i e v e best p r a c t i c e performance wi th CAD sys tems. Hancke (20) 
has a l s o observed i n h i s study of M.B.B i n Augsburg , the ex tent 
to which maintenance s k i l l s , e s p e c i a l l y the newer ones such as 
systems a n a l y s i s and d i a g n o s t i c s , c o n t r i b u t e to the u t i l i s a t i o n 
of advanced manufac tu r ing systems - and hence , to the r a p i d 
repayment of t h e i r i n i t i a l c o s t s . 
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The " i n d i r e c t " element i s harder to q u a n t i f y , but most f i rms 
appear to have used i n c r e a s e d l e v e l s . For example, i n Japan , 
D r i s c o l l ( 21 ) found t h a t , w h i l e o n l y s i x people were employed 
d i r e c t l y on running the now w e l l known Yamazaki i n s t a l l a t i o n , 
ten t imes more were employed i n support of i t (eg, f o r 
programming, f o r swarf removal or p a r t s movement, but ton 
p u s h e r s , e t c , ) . Whi le d i r e c t labour s a v i n g might be q u i t e 
h i g h , o v e r a l l l e v e l s of employment were much l e s s d r a m a t i c a l l y 
a f f e c t e d . In f a c t , more r e c e n t l y , Konosuke M a t s u s h i t a when 
t a l k i n g about c o m p e t i t i o n w i th the i n d u s t r i a l i s e d West s a i d : 
"We are go ing to win and they are go ing to l o s e . We 
are beyond the T a y l o r m o d e l . . . . t h e s u r v i v a l of 
f i r m s . . . . d e p e n d s on the d a y - t o - d a y m o b i l i s a t i o n of 
every ounce of i n t e l l i g e n c e . For us the c o r e of 
management i s p r e c i s e l y t h i s a r t of m o b i l i s i n g and 
p u l l i n g t o g e t h e r the i n t e l l e c t u a l r e s o u r c e s of a l l 
employees i n the s e r v i c e of the f i r m . . . . T h e 
i n t e l l i g e n c e of a handfu l of t e c h n o c r a t s i s not enough 
to take up (the t e c h n o l o g i c a l and economic c h a l l e n g e s ) 
w i th a r e a l chance of s u c c e s s " . ( 2 2 ) . 
However, as f a r as the U.K i s concerned i t may s t i l l be 
a p p r o p r i a t e to employ these d i s t i n c t i o n s of d i r e c t and 
i n d i r e c t l a b o u r . We have found that w h i l e the re may be l e s s 
" d i r e c t " s k i l l e d labour r e q u i r e d as a r e s u l t of the i n t r o d u c t i o n 
of FMS, manpower demand i n the U.K has tended to be f o r a h igher 
q u a l i t y of l a b o u r . 
Our s tudy shows j o b - l o s s amongst d i r e c t l abour as a genera l 
t r e n d , but t h a t job-growth and q u a l i t y of l i f e improvements have 
p r o b a b l y o c c u r r e d i n the t h r e e o ther quadrants shown below. In 
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the p a s t , most emphasis has been put on t h i s d i r e c t labour-
impact - w i th good reason g i v e n the s o c i a l i m p l i c a t i o n s . However 
we d e f i n e " q u a l i t y of l i f e " (eg , l e s s d i v i s i o n of l a b o u r , h e a l t h 
and s a f e t y improvements, e n l a r g e d job o p p o r t u n i t i e s o r s k i l l s , 
e t c ) , i t appears t h a t at t h i s s tage o f the d i f f u s i o n p r o c e s s , 
the impact i n the U.K has tended to be p o s i t i v e . We shou ld keep 
i n mind though , t h a t q u a l i t y of l i f e changes w i t h i n a group 
might w e l l vary c o n s i d e r a b l y . I t i s a l s o l i k e l y that the 
d i f f u s i o n p r o c e s s w i l l d r a m a t i c a l l y change these e a r l y f i n d i n g s 
and t h a t as such systems p r o l i f e r a t e , there w i l l g r e a t e r job 
l o s s i f we f a i l to r e - d e f i n e the r e l a t i o n s h i p s between the 
worker and the computer . 
LABOUR 
Direct Indirect 
Employment - + 
Quality of Life + + 
Schultz-Wild (1987): Transformation Conditions of Future Factory Structures: Technology, Organization, Education and 
Vocational Training
4 . 1 . 4 O r g a n i s a t i o n a l F a c t o r s . 
Much of the p r e c e e d i n g d i s c u s s i o n has been in respect of the 
t e c h n o l o g i c a l problems and o p p o r t u n i t i e s posed , but the 
importance of m e t h o d o l o g i c a l rou tes to improved e f f i c i e n c y were 
a l s o s t r e s s e d . When a c c o u n t i n g f o r o v e r a l l improvenents i n 
e f f i c i e n c y , e s t i m a t e s of the importance of o r g a n i s a t i o n a change 
v a r i e d between 40% and 70% of the t o t a l improvement. C l e a r l y 
around h a l f of the improvement tended to come from these types 
of change. One company which had not i n t r o d u c e d FMS/FMC had 
reduced the l e v e l of s t o c k s h e l d by 60% and i n c r e a s e d output by 
30% j u s t by a d o p t i n g "good management and m e t h o d o l o g i c a l 
p r a c t i c e s " . T h i s t o g e t h e r wi th investment i n s tanda lone Computer 
N u m e r i c a l l y C o n t o l l e d machine t o o l s l e d to a t r e b l i n g of 
t u r n o v e r , from 20m to 60m, i n the p e r i o d 1981-4 when most U.K 
e n g i n e e r i n g companies were i n deep r e c e s s i o n . Dur ing the p e r i o d 
employment was d e c l i n i n g i n our sample companies by an average 
by over 30%; yet employment grew i n t h i s non-FMS company by some 
14%. In o t h e r words what was important here was not so much the 
t echno logy but the a d o p t i o n of good management and p r o d u c t i o n 
p r a c t i c e s . 
The move to FMS and o ther i n t e g r a t e d automat ion t e c h n o l o g i e s 
a l s o poses q u e s t i o n s about the t r a d i t i o n a l p a t t e r n of 
f u n c t i o n a l s p e c i a l i s a t i o n . For example, t h e r e i s the need fo r 
the d e s i g n and p r o d u c t i o n departments to work t o g e t h e r to 
d e v e l o p p r o d u c t s which are s u i t a b l e f o r manufacture on an FMS. 
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S u c h a " d e s i g n f o r m a n u f a c t u r e " p h i l o s o p h y i s o f p a r t i c u l a r 
s i g n i f i c a n c e i n t h e f l e x i b l e a s s e m b l y a u t o m a t i o n f i e l d w h e r e 
s m a l l m o d i f i c a t i o n s t o t h e d e s i g n o f a n i t e m c a n e l i m i n a t e t h e 
n e e d f o r c o m p l e x m a n i p u l a t i o n o r o p e r a t i o n s w i t h i n a n a u t o m a t e d 
s y s t e m . I n o n e c a s e , r e d e s i g n o f t h e p r o d u c t l e d t o a r e d u c t i o n 
i n t h e number o f o p e r a t i o n s ( h a n d l i n g a n d m a c h i n i n g ) f r o m 47 t o 
15 w i t h s i g n i f i c a n t i m p l i c a t i o n s f o r c o s t a n d l e a d t i m e 
s a v i n g s . A s o n e m a n a g e r p u t i t "FMS i s g o i n g t o d r i v e t h e s h o p -
b u t i t ' s a l s o g o i n g t o d r i v e t h e p e o p l e who d e s i g n t h e p r o d u c t , 
a n d p r o d u c t i o n e n g i n e e r i n g . " 
The e s s e n c e o f s u c h f u n c t i o n a l i n t e g r a t i o n i s n o t t o e l i m i n a t e 
s p e c i a l i s t s k i l l s b u t t o b r i n g them t o b e a r i n a c o - o r d i n a t e d 
f a s h i o n o n t h e p r o b l e m s o f d e s i g n i n g , p r o d u c i n g a n d s e l l i n g 
p r o d u c t s - c r e a t i n g a s i n g l e s y s t e m v i e w o f t h e p r o c e s s r a t h e r 
t h a n o n e w i t h many p a r o c h i a l b o u n d a r i e s a n d l i t t l e i n t e r c h a n g e 
a c r o s s t h e m . A g o o d e x a m p l e o f t h i s c a n be f o u n d i n t h e a r e a o f 
f i n a n c i a l a p p r a i s a l o f F M S . G i v e n t h e h i g h c o s t s o f s u c h 
s y s t e m s - o f t e n r u n n i n g i n t o m i l l i o n s o f p o u n d s - c o n v e n t i o n a l 
a c c o u n t i n g m e t h o d s a r e o f t e n i n a p p r o p r i a t e s i n c e t h e y w o u l d 
r e j e c t p r o j e c t s w h i c h w e r e u n a b l e t o show a p a y b a c k o f w i t h i n 
two y e a r s o r s o . 
FMS i s n o t , h o w e v e r , o n l y a p r o d u c t i o n t e c h n o l o g y b u t a l s o a 
s t r a t e g i c o n e a n d t h e q u e s t i o n <>f w h e t h e r o r n o t t h e f i r m h a s 
s u c h f l e x i b i l i t y i n t h e f u t u r e m i g h t d e t e r m i n e w h e t h e r a n d wha t 
s h a r e i t h a s o f f u t u r e m a r k e t s . I n many o f t h e c a s e s we e x a m i n e d 
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f i r m s commented t h a t the a c t u a l j u s t i f i c a t i o n f o r t h e i r p r o j e c t s 
was l i t t l e more than "an ac t of f a i t h " - c o n f i r m i n g the view 
t h a t q u a l i t a t i v e judgements were at l e a s t as important as 
q u a n t i t a t i v e a p p r a i s a l t e c h n i q u e s . Thus the q u e s t i o n of whether 
or not to i n v e s t needs to be a mix ture of q u a n t i t a t i v e 
t e c h n i q u e s and q u a l i t a t i v e judgements e x p r e s s e d by those wi th 
d i f f e r e n t p e r s p e c t i v e s , such a s , m a r k e t t i n g , p r o d u c t i o n 
e n g i n e e r i n g and c o r p o r a t e p l a n n i n g , i n a d d i t i o n to the c o s t 
a c c o u n t a n t s . 
In the same way as i n t e g r a t i n g t e c h n o l o g i e s r e q u i r e c l o s e r 
f u n c t i o n a l i n t e g r a t i o n , so they imply s h o r t e r h i e r a r c h i e s and 
g r e a t e r v e r t i c a l i n t e g r a t i o n i n o r g a n i s a t i o n a l s t r u c t u r e . In 
o r d e r to e x p l o i t the f u l l b e n e f i t s of a r a p i d l y r e s p o n s i v e and 
f l e x i b l e system i t i s n e c e s s a r y to c r e a t e a manager ia l d e c i s i o n 
making s t r u c t u r e which i s c l o s e l y i n v o l v e d w i th the s h o p - f l o o r 
and which has a h i g h degree of d e l e g a t e d autonomy. As yet our 
i 
e x p e r i e n c e s of the U.K s e c t o r d i s p l a y s a lmost twice the depth of 
i 
manager ia l h i e r a r c h i e s as tha t found i n Sweden, and aj lower 
l i k l i h o o d of s h o p - f l o o r autonomy d e v e l o p i n g in comparison! wi th 
i 
s i m i l a r e n t e r p r i s e s i n Sweden. 
At the l e v e l of the s h o p - f l o o r , c o n s i d e r a b l e changes are impl ied 
f o r the p a t t e r n of work o r g a n i s a t i o n . With g r e a t e r r e l i a n c e on a 
smaL1 group of workers and managers comes the need to look for 
models of p r o d u c t i o n o r g a n i s a t i o n which have l e s s to do with 
t a s k f r a g m e n t a t i o n , d i v i s i o n of l abour and c o n t r o l by e<ternal 
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r e g u l a t o r y s y s t e m s o f s a n c t i o n s a n d r e w a r d s a n d t o e v o l v e 
a l t e r n a t i v e s b a s e d on s m a l l a u t o n o m o u s w o r k i n g g r o u p s , w i t h h i g h 
f l e x i b i l i t y a n d i n t e r n a l c o n t r o l . T h e r e a p p e a r s t o be a g r o w i n g 
a w a r e n e s s o f t h e i n a p p r o p r i a t e n e s s o f T a y l o r i s t i c a p p r o a c h e s 
w h i c h a r e b a s e d o n a f u n d a m e n t a l d i s - i n t e g r a t i o n o f w o r k f o r 
a c t i v i t i e s s u r r o u n d i n g a f u n d a m e n t a l l y i n t e g r a t i n g s e t o f 
t e c h n o l o g i e s ( 2 3 ) . 
The r e t h i n k r e q u i r e d e n c o m p a s s e s b o t h t h e h a r d w a r e a n d t h e 
s o f t w a r e e l e m e n t s o f p r o d u c t i o n , r i g h t t h r o u g h t o t h e 
o r g a n i s a t i o n a l l y e f f i c i e n t management o f p r o d u c t i o n . P e r h a p s 
t h e r e f o r e , we s h o u l d c o n s i d e r t h e f o l l o w i n g f i g u r e . T h i s o f f e r s , 
i n f a i r l y s i m p l i s t i c t e r m s two o p t i o n s f o r a p p r o a c h i n g seme 
c o n c e p t o f t h e " f a c t o r y o f t h e f u t u r e " . 
Schultz-Wild (1987): Transformation Conditions of Future Factory Structures: Technology, Organization, Education and 
Vocational Training
F i g u r e T h r e e . 
V O L U M E n 
METHODOLOGY 
FACTORY OF 
/ THE FUTURE? 
VARIETY 
0 Just In Time 
O Total Quality Control 
O Group Technology 











I t i s becoming i n c r e a s i n g l y c l e a r tha t f a c t o r s such as j u s t - i n 
- t i m e p r o d u c t i o n , t o t a l q u a l i t y c o n t r o l , s u p p l i e r and customer 
r e l a t i o n s h i p s , e t c , a re a l l ex t remely impor tant i n improv ing 
e f f i c i e n c y , and t h a t i t i s not merely the t e c h n o l o g y tha t we 
shou ld c o n s i d e r . S i g n i f i c a n t l y , i t i s p r e c i s e l y i n these areas 
of o r g a n i s a t i o n a l and m e t h o d o l o g i c a l t e c h n i q u e s t h a t the 
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Japanese are s t r o n g e s t , and which are somewhat b e l a t e d l y 
a t t r a c t i n g the a t t e n t i o n of t h i West. There has been growing 
i n t e r e s t i n these areas i n A u s t r i l i a (24), America (25), and the 
UK (26). No doubt there are man/ s i m i l a r experiences t h a t could 
be h i g h l i g h t e d from other c o u n t r i e s . 
Such aspects of o r g a n i s a t i o n a l c aange comes with the adoption of 
d i f f e r e n t approaches to the layout and methods of p r o d u c t i o n . 
Here the i n f l u e n c e of Japanese manufacturing techniques can be 
c l e a r l y seen, with emphasis on s i m p l i f i c a t i o n and pl a n n i n g ' t o 
achieve smooth flow t n r o u g i manufacturing; making batch 
p r o c e s s i n g resemble flow p r o d u c t i o n as c l o s e l y as p o s s i b l e . The 
p r e c i s e c o n f i g u r a t i o n of layouc and the range of techniques 
adopted va r y . However, i n many of the firms we sjoke to 
t e c h n o l o g i c a l change i n v o l v i n g FMS was t a k i n g place i n p a r a l l e l 
with programmes f o r q u a l i t y improvement, changing s u p p l i e r and 
purchasing p o l i c i e s and moving towards implementing a 
j u s t - i n - t i m e philosophy, both i n purchasing and w i t h i n the 
pr o d u c t i o n process as a whole. 
Many people have t a l k e d of the c u l t u r a l reasons why such 
"Japanese" s t y l e methodological developments are i n a p p r o p r i a t e 
f o r Western c o u n t r i e s . However, i t would be d i f f i c u l t to t h i n k 
of many "Japanese" production nethods which do not have t h e i r 
roots i n Western ideas, taken and developed by the Japanese i n 
t h e 1950s, 60s and 70s. T h e o r i s t s such as Sloan, and 
p a r t i c u l a r l y Deming and Juran, have been e x t r a - o r d i n a r i l y 
Schultz-Wild (1987): Transformation Conditions of Future Factory Structures: Technology, Organization, Education and 
Vocational Training
important t o the Japanese , and as Schönberger (27) has p o i n t e d 
o u t . 
"The Japanese have had l i t t l e t r o u b l e l e a r n i n g 
our t e c h n i q u e s , and we w i l l have l i t t l e t r o u b l e 
l e a r n i n g t h e i r s . " 
4.1 .5 The P o l i c y I m p l i c a t i o n s of P r o d u c t i o n P r o c e s s I n t e g r a t i o n , j 
In very broad terms i t can be argued tha t a l t h o u g h there e x i s t ] 
fundamental d i f f e r e n c e s i n the nature of manufac tur ing j 
p r o c e s s e s , the demands p l a c e d upon e n t e r p r i s e s i n the I 
manufac tur ing s e c t o r are becoming i n c r e a s i n g l y s i m i l a r . A l though 
h i g h volume f low p r o c e s s p r o d u c t i o n (eg , p e t r o c h e m i c a l s or food 
p r o c e s s i n g ) i n v o l v e s very d i f f e r e n t b a s i c p r o c e s s e s to batch j 
e n g i n e e r i n g work, both s e c t o r s are now f a c i n g p r e s s u r e s from \ 
t h e i r environment such a s : 
I n c r e a s i n g c o m p e t i t i o n , e s p e c i a l l y on a wor ld -wide b a s i s , 
wi th emphasis not on ly on p r i c e f a c t o r s but a l s o on 
n o n - p r i c e v a r i a b l e s l i k e d e s i g n , d e l i v e r y t imes and q u a l i t y 
o f p r o d u c t . 
I n c r e a s i n g demands f o r s m a l l e r batches t a i l o r e d to s u i t ; 
customer needs; even in p e t r o c h e m i c a l s , f l e x i b i l i t y i n j 
meeting a wider spread of needs i s a h igh p r i o r i t y . 
I n c r e a s i n g demands f o r h igh q u a l i t y p r o d u c t s . j 
i. 
I n c r e a s i n g demand f o r b e t t e r customer s e r v i c e , d e l i v e r y 
pe r fo rmance , a f t e r - s a l e s s u p p o r t , e t c , . 
I n c r e a s i n g demand f o r new p r o d u c t s on a d e c r e a s i n g l i f e 
c y c l e b a s i s . 
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I n c r e a s i n g demand f o r improved l i n k a g e s wi th s u p p l i e r s fo 
f a c i l i t a t e J u s t - i n - T i m e d e l i v e r i e s , reduced component c o s t s 
and improved q u a l i t y of p a r t s . 
A d i r e c t consequence of t h i s i s tha t f i r m s are be ing fo rced 
examine t h e i r i n t e r n a l environment c l o s e l y to t r y a i d reduce 
c o s t s . Labour c o s t s a r e , u s u a l l y m i s t a k e n l y , g i v e n the h i g h e s t 
p r i o r i t y (28) , f o l l o w e d by m a t e r i a l s , energy , and o ther f a c t o r 
i n p u t s . In a d d i t i o n f i r m s were a l s o t r y i n g to improve q u a l i t y , 
reduce lead t i m e s , reduce the o v e r a l l u n c e r t a i n t y in the 
p r o d u c t i o n p r o c e s s , and so o n . 
Thus i t i s , w i t h i n an a d m i t t e d l y c rude f rame, p o s s i b l e to 
c o n s i d e r a l l f a c t o r i e s as " b l a c k box" systems - such as shown i n 
F i g u r e Four - which are under c o n s i d e r a b l e p r e s s u r e to adapt and 
innova te i n o r d e r to s u r v i v e . 
F i g u r e F o u r . 
INTERNAL PRESSURES EXTERNAL PRESSURES 
Rising costs & 
complexity FACTORY 
- demand for quality 
- demand for delivery 
- demand for flexibility 
- shorter lead times 
- greater competition 
- etc 
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The t o o l s wi th which f i r m s choose to t a c k l e t h i s problem can be i 
drawn from a l a r g e t o o l b o x . Most commonly u s e ! are the ; 
new, l a r g e l y computer based t e c h n o l o g i e s l a r g e l y computer based \ 
w i th which we have become f a m i l i a r . See F i g u r e F i v e . 







FACTORY Meeting external and internal demands 
The t r e n d s a s s o c i a t e d w i th these are e s s e n t i a l l y i n t e g r a t i v e at 
the p u r e l y t e c h n i c a l l e v e l , b r i n g i n g t o g e t h e r p h y s i c a l and 
! 
c o n t r o l f u n c t i o n s i n t o systems and complex machine sj. In the 
longer term these are a l s o c o n v e r g i n g towards what las been 
termed Computer I n t e g r a t e d Manufac tur ing (CIM) and which 
r e p r e s e n t s a f u l l e x p l o i t a t i o n of the p o s s i b i l i t i e s opened up by 
convergance of p h y s i c a l and c o n t r o l f u n c t i o n s enabled by 
i n f o r m a t i o n t e c h n o l o g y . F u r t h e r , t h i s p r o c e s s does not stop at 
the boundary o f the f i r m but moves on outwards , i n t e g r a t i n g 
a l o n g both the supp ly and d i s t r i b u t i o n c h a i n s - as we noted 
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e a r l i e r and d i s p l a y e d i n F i g u r e Two. 
The p o i n t about t h i s i s t h a t i t i s the product of e x t r a p o l a t i n g 
one k i n d of i n t e g r a t i o n at the t e c h n i c a l / p h y s i c a 1 / c o n t r o 1 
f u n c t i o n l e v e l . W h i l s t i t i s easy to make p r o j e c t i o n s of t h i s 
k i n d , the re i s growing ev idence tha t a c h i e v i n g such i n t e g r a t i o n 
i n p r a c t i c e i s much more d i f f i c u l t . F i r s t t h e r e are t e c h n i c a l 
problems at t h i s l e v e l , such as the urgent need f o r s u i t a b l e 
s tandards and p r o t o c o l s to e s t a b l i s h the r u l e s f o r systems 
i n t e r c o n n e c t i o n . Second there i s growing ev idence t h a t even when 
the t e c h n i c a l systems can be i n t e g r a t e d , the f u l l b e n e f i t s whicn 
might be expected from such systems do not m a t e r i a l i s e because 
o f a l a c k of i n t e g r a t i o n at o ther l e v e l s i n the o r g a n i s a t i o n . 
T h i s e x p e r i e n c e v a r i e s a c r o s s the i n d u s t r i a l spectrum and wi th 
f i r m s i z e . 
T h i s sugges ts t h a t o ther t o o l s must a l s o be used to s u p p o r t , or 
i n some c a s e s to s u b s t i t u e f o r , the new t e c h n o l o g i e s . Probably 
the most s i g n i f i c a n t group are those new methods of p r o d u c t i o n 
o r g a n i s a t i o n and management which have been e x p l o i t e d by 
Japanese i n d u s t r y (29) . Examples here i n c l u d e T o t a l Q u a l i t y 
C o n t r o l and J u s t - i n - T i m e s c h e d u l i n g and i n v e n t o r y management, 
which have s t r o n g Japanese r o o t s , and group techno logy and value 
a n a l y s i s which have been t r i e d in a much wider c o n t e x t . The 
p o i n t about a l l these i s tha t they r e p r e s e n t proven p roduc t ion 
e n g i n e e r i n g p r a c t i c e s which can c o n t r i b u t e to s o l v i n g the 
problems o u t l i n e d at the b e g i n n i n g of t h i s s e c t i o n . These can be 
Schultz-Wild (1987): Transformation Conditions of Future Factory Structures: Technology, Organization, Education and 
Vocational Training
a c h i e v e d a t r e l a t i v e l y low c o s t and i n v o l v i n g a much lower l e v e l 
of r i s k f o r the o r g a n i s a t i o n (30). F i g u r e Three can then be^ 
expanded by adding s t r u c t u r a l c o n s i d e r a t i o n s , (see F i g u r e S i x ) . 
I t a l s o a f f o r d s the o p p o r t u n i t y of examining the r o l e tha t the 
workforce can p l a y i n i n t e r a c t i n g wi th new t e c h n o l o g i e s . Recent 
e x p e r i e n c e suggests i n very many cases of p r e - i n s t a l l a t i o n 
j u s t i f i c a t i o n f o r , and p o s t - i n s t a l l a t i o n e x p e r i e n c e s o£ F . M . S s , 
t h a t f i r m s who had wished to e l i m i n a t e l abour from the 
p r o d u c t i o n p r o c e s s found the use of s k i l l e d workers a pro found 
c o n t r i b u t o r y f a c t o r i n i t s e f f i c i e n t u s e . 
F i g u r e S i x . 
Technological: - FMS 
-CAO 
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- rapid response 
-etc 
Structural: - vertical integration 
- functional integration 
-etc 
Methodological: - Just-in-time 
- Total quality control 
- Design for manufacture 
- Group technology 
- Supplier links 
- etc 
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Evidence suggests tha t implementing e i t h e r changes i n methods or 
t e c h n o l o g y i n o r g a n i s a t i o n s r e q u i r e s some a d a p t a t i o n on the pa r t 
of the o r g a n i s a t i o n i f the b e n e f i t s expected are to be r e a l i s e d . 
The importance of t h i s a d a p t a t i o n can be gauged from a v a r i e t y 
o f r e p o r t s which suggest that 50% (31) , 60% (32) , or even 90% 
(33) of the b e n e f i t s o f t e c h n o l o g i e s l i k e FMS come be fore the 
t e c h n o l o g y i t s e l f i s implemented - i n o ther words from the 
o r g a n i s a t i o n a l changes which i t f o r c e s the f i r m to make. The 
nature of these changes i s b e g i n n i n g to be documente i , though 
i t s d e t a i l e d mapping remains an impor tant r e s e a r c h task f o r the 
f u t u r e . They i n c l u d e : 
changes i n o r g a n i s a t i o n s t r u c t u r e s , e s p e c i a l l y f u n c t i o n a l 
i n t e g r a t i o n , e g , c l o s e r c o o r d i n a t i o n of the a c t i v i t i e s of the 
r e s e a r c h , m a r k e t t i n g , and manufac tur ing e n g i n e e r i n g depar tments . 
h i e r a r c h i c a l i n t e g r a t i o n , e g , in the s t r u c t u r e of t ask and 
work o r g a n i s a t i o n . 
changes in the l i n k a g e between manufac tur ing and b u s i n e s s 
s t r a t e g y , e g , what i s to be made, for which markets , and how 
i t i s to be made. 
changes i n the b a s i c c u l t u r e of o r g a n i s a t i o n s . 
C h a r a c t e r i s t i c of these i s the idea of o r g a n i s a t i o n a l 
i n t e g r a t i o n to match the p a t t e r n of t e c h n o l o g i c a l i n t e g r a t i o n i n 
the move towards CIM. Thus p r o g r e s s towards the f u t u r e f a c t o r y 
c o u l d be r e p r e s e n t e d on a s imple mat r ix (F igure S e v e n ) , which 
has as i t s axes i n c r e a s i n g t e c h n o l o g i c a l and o r g a n i s a t i o n a l 
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i n t e g r a t i o n . The goa l - i n w h i c h t h e f u l l b e n e f i t s o f i n t e g r a t e c . 
s y s t e m s a r e t o be r e a l i s e d - i n v o l v e s i n t e g r a t e d t e c h n o l o g y i n ' 
a n i n t e g r a t e d o r g a n i s a t i o n . The s t a r t i n g p o i n t f o r many f i r m s i s ; 
a b a s i c a l l y d i s - i n t e g r a t e d p a t t e r n i n b o t h t h e u s e o f d i s c r e t e 
i t e m s o f p r o d u c t i o n e q u i p m e n t a n d i n t h e e x t e n t o f 
o r g a n i s a t i o n a l i n t e g r a t i o n . The q u e s t i o n p o s e d i s how 1.0 g e t to: 
t h e g o a l - a n d t h e s u g g e s t i o n i s t h a t , a l t h o u g h p r e s s u r e i s 
s t r o n g l y on f o r f i r m s t o c h o o s e t h e " t e c h n o l o g y f i r s t " r o u t e , ; 
t h e l r c h a n c e s o f s u c c e s s f u l i m p l e m e n t a t i o n may be e n h a n c e d by! 
f o l l o w i n g a n o r g a n i s a t i o n s a n d t e c h n o l o g y r o u t e , o r a t J e a s t o n e 
i n w h i c h o r g a n i s a t i o n s a n d t e c h n o l o g y a r e a d o p t e d i n p a r a l l e l ! 
w i t h o n e a n o t h e r . 
F i g u r e S e v e n . 
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One f i n a l p o i n t concerns the s t r a t e g i c d i m e n s i o n . Much of the 
r e s e a r c h , whether i n t o the des ign and implementat ion of advanced 
systems or the o r g a n i s a t i o n a l consequences of such i n n o v a t i o n s , 
has f o c u s e d very narrowly on the p r o d u c t i o n a r e a . At worst 
systems are measured a g a i n s t p u r e l y t e c h n i c a l and system 
s p e c i f i c performance c r i t e r i a such as machine speeds and 
f l e x i b i l i t y . Fora few systems some form of per formance a p p r a i s a l 
p re and pos t i n s t a l l a t i o n takes i n t o account some of :he wider 
b e n e f i t s to the manufac tur ing system(such as improvements in 
l e a d t i m e s , i n v e n t o r y l e v e l s or machine u t i l i s a t i o n ) ; a l though 
even here many b e n e f i t s were u n a n t i c i p a t e d w h i l s e o t h e r , 
expected b e n e f i t s f a i l e d to m a t e r i a l i s e . But very lew f i rms 
extend t h e i r a p p r a i s a l to the s t r a t e g i c domain and look at the 
c o n t r i b u t i o n of such new t e c h n o l o g i e s t o a manufactur ing 
s t r a t e g y which i s a l s o l i n k e d to an o v e r a l l b u s i n e s s s t r a t e g y . 
As Voss ( 34 ) p o i n t s o u t , the re i s an urgent need to p lan 
inves tments a t t h i s l e v e l , to a p p r a i s e t h e i r f i n a n c i a l 
i m p l i c a t i o n s wi th t h i s l ength and breadth of a s t r a t e g i c 
overv iew r a t h e r than a narrowly s h o r t - t e r m one, and to assess 
the e f f e c t i v e n e s s or o therwise of the investment post 
i n s t a l l a t i o n a g a i n s t these s t r a t e g i c c r i t e r i a . 
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STRATEGIC OPTIONS FOR THE INTEGRATION OF 
PRODUCTION PROCESSES ON FEM LEVEL (CM) 
1. What i s 'Computer Integrated Manufacturing 1? 
2. Different CM-strategies and alternatives to CIM 
3. Demands on human-oriented CM concepts 
4. Is i t possible to establish human CM concepts with 
today's technical means? 
5. An example for the need for additional technical 
developments to real ize human CM concepts 
Contribution to the December 1986 meeting of the 
CEC-FAST working group on 
'New Production Systars ' 
by 
Gunter Lay 
Fraunhofer-Institut für Systemtechnik 
und Innovationsforschung (ISI) 
Karlsrühe, January 1987 
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1. What is "Cbnputer Integrated Manufactxiring' ? 
Conputer application in production planning and production departments of 
the plants themselves have increased continuously during the last few 
years. Using the keyword "computer aided manufacturing", the firms i n -
s t a l l e d conputer numerically controlled (CNC) machine tools and f l e x i b e 
rtanufacturing systems on t h e i r shop f l o o r s . Conputer aided production i ana-
gament systems were introduced to a s s i s t material requirements plannin and 
capacity planning. Furthermore, i n trie planning departments the work p; an-
ning, e s p e c i a l l y the programming of CNC~machine tools, i s nowadays equipped 
with computer aided systems. In product design and development processes 
the firms i n c r e a s i n g l y use corrputer aided design (CAD) systems. 
These kinds of computer aided systems have u n t i l now been more or less 
l i m i t e d to the borders o f f i r m departments. The exchange of information 
betwe* ;n the departments and t h e i r corrputer systems was organized i n a < on-
ventional way: drawings, b i l l s o f material, work plans, etc. were prodeced 
with <r>rnputer assistance and then handed to the places where they were to 
be used. 
The idea o f computer integrated manufacturing (CM) i s to bridge these gaps 
between departments working with computer a i d by l i n k i n g hardware and : o f t -
ware. The aim i s to l ink grown islands of computer application in the 
firms. Chart 1 shows t h i s i n d e t a i l . I t i s noticeable that C M i s not one 
software system but a variety of s i n g l e elements designed i n a specific: way 
to l i n k already i n s t a l l e d systems. Such e l anient s are for example: 
- Interfaces between CAD systems and systems for the prcxgranrmng of CNC-
machine t o o l s for geometric data exchange; 
- exchange i n t e r f a c e s f o r geometric data between design systems and ca•cu-
l a t i o n systems; 
- trarrsfer l i n k s from CAD systems to material requirements planning syetems 
for b i l l s o f materi i l or for using parts from a conputer aided inventory 
c o n t r o l i n the design process; 
- inte r f a c e s between shop f l o o r data c o l l e c t i o n systems and capacity plan-
ning systems; 
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- direct numerically control systems to interlink computer numerically con-
trolled machine tools with programming and program managing systems. 
A l l these interlinks follow two principal ideas: 
- Creating an uninterrupted d i g i t a l information flow between a l l compu :er 
assisted technical and administrative departments of a plant. 
- Avoiding rrulti-programming and multi-keeping of the same data in the 
memories of the computer systems i n different departments. 
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2. Different C1M-strategies and alternatives to CM 
The real izat ion of computer integration between the dif ferent computer sys 
terns i n s t a l l e d i n a l l departments of a firm brings economic benefits for 
the enterprises by reaching the aims characterized above. For example, the 
i n t e r l i n k between computer aided design and computer aided programming of 
numerically c o n t r o l l e d machine t o o l s shortens the programning times, re-
duces the p o s s i b i l i t i e s of making mistakes i n the programming process ana 
accelerates the throughput times by using the geometric d e f i n i t i o n s out of 
the CAD systems. An add i t i o n a l programming of the same geometric data of 
lane workpiece i n the NC-system can be avoided. 
Having this background information and rememberiag 
- the economic potential that therefore can be r e a l i z e d i n future by the 
i n t e g r a t i o n of computer systems, 
- the enormous amount of subsidies that the individual countries and the 
European Commission invest i n t h i s t e c h nical development .and 
- real iz ing the state of di f fusion reached so far 
i t i s not r e a l i s t i c to b e l i e v e that a now started discussion on the d e s i r 
ab i l i t y of CM i n so c i e t y would have effects on i n d u s t r i a l practice. Even 
i f such a discussion proces ? lead to a broad agreement i n s o c i a l science 
that CM concepts should be denied, the decentralized decisions on CM i n -
vestment and the d i f f e r e n t d e f i n i t i o n s of CM would prevent any effect;, i n 
r e s t r a i n i n g the further d i f f u s i o n of CM. 
But C M does not look l i k e a technical -trend that i s necessarily connec ted 
i n every case with bad e f f e c t s on human work. Like most of the new t e c r n i -
cal developments computer integration i n manufacturing can bring out ccm-
p l e t e l y d i f f e r e n t e f f e c t s : On the one hand, the t e c h n i c a l concepts and the 
o r g a n i s a t i o n a l implero mtation of CM i n firms can be formed i n a way t l e 
the conputer integration, over the borderlines of firm departments i s at -
other step towards c e n t r a l i z a t i o n , increasing d i v i s i o n of labor, d e q u a " i f i 
cation, etc. But t h i s scenario i s not the only one possible. 
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On the other hand, i t is also a r e a l i s t i c scenario that the CIM potent a l 
i s used in a way that eombi les economic benefits for the firms with tec :hni-
ca l and organizational structures that favor qual i f icat ion processes, l o -
l i s t i c job structures, the abi l i ty to make decisions in the different \>ork-
places, etc. In the following chapter some principles are described fo • 
designing C M concepts of the second scenario. Out of these pr inciples 
needs for additional -technical developments w i l l be printed out. 
Up to this point, one thing in my opinion should be stressed: The d i s c i s -
sion on old and new concepts of production to which many people contribute 
with different terms J or the different concepts i s not a discussion ab >ut 
the yes or no on computer integration. CM i s not the same as the "tec"; mo-
centric production concept". On the other hand, the "anthropocentric 
method" of organizing production does not necessarily mean a productio i 
without computer integration. The "anthropocentric production concept" has 
to use the chances of computer integration in supporting i t s aims by tech-
n ica l means. It has to form the principle concept of computer integrated 
manufacturing by bringing in i t s requests i n development and implement, i -
t ion. 
3. Demands on human-oriented C M Concepts 
In the following chapter several elements that should be part of such < M 
concepts which are not only economically centered but which also favor 
human aspects w i l l be described. Some of these aspects, I bel ieve, can at 
last be put into rea l i ty because the poss ib i l i t i es of CM enable organiza-
t ional structures which the tradi t ional forms of computer application pre-
vent. The elements l i sted are not real ly grouped systematically and d i s -
tinguished i n def in i t ion . They are the results of a brainstorming process 
and should be used as input for further discussions. 
- The architecture of the computer system in CM should not be a mainf. -aire 
concept. Decentralized computers linked in a local area network brine a 
lo t of advantages for the people working with the system. Some of these 
are the poss ib i l i t y o f t a i lo r the decentralized computers exactly to the 
needs of the different users, the shorter times of computer reaction, the 
independence from c n t ra l computer maintenance staf f , etc. 
Schultz-Wild (1987): Transformation Conditions of Future Factory Structures: Technology, Organization, Education and 
Vocational Training
- The data base in CUM concepts that i s created, administrated, d is t r i t uted 
and used by dif ferent departments i n the firms should have only one i o r -
mat. If th is i s not the case, there i s the necessity for processing ihe 
data structures so that the data created in one department can be used in 
another. Such processing hinders cormrunication in CIM. By processing of 
dat£_ structures the technical concept often c reates one-way connectic ns 
between the CIM corriponents. That means the p aple working with the C H 
components in the individual departments have closer l imitations for de-
c is ion making. 
- The different oomponents of C M , that i s the software modules for diJ fer-
ent tasks i n C M , should have a common "human interface". The structi re 
of œrtrnands, the dialogues, the reactions of the system and so on should 
be standardized. Ho l i s t i c job structures often request that the emplc yees 
use more than one C M component. Thus differences in the software die-
logues hinder such structures of job design. 
- The software architecture i n CM i s to be formed so that decentralize d 
decision-making i s supported. Decisions aided by CM should be made :n 
the workplace where the effects result ing out of the decision can be 
judged best. Realizing that pr inc ip le , i t i s possible to adjust corqpx -
tence and responsibi l i ty . 
- The work organization i n CM and therefore the CM architecture, too, i s 
to te formed in such a way that individual qual i f icat ions of the em-
ployees can further be used in the same departments. Task shi f t ing by CM 
architecture from one department with quali f ied people to do these tasks 
to another department should be avoided. Otherwise, this would lead Ï J O 
dequali f icat ion. 
- In structuring the CM dana base an attempt should not be made to co. lect 
and centralize a l l information of a plant i n one big memory. In contrary, 
i t as to be assured that from the single CM workstation only that part 
of the information which i s actually needed by others to do their work i s 
handed to the higher level in CM architecture. The benefit of such a 
t ree- l ike concept i s dual: the amount of data that i s to be kept in cen-
t r a l memories remains in a form that can be handled. Besides, the ind iv i -
dual employee on h is CM workstation i s not kept under permanent control. 
J. Â 
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- The p o s s i b i l i t i e s of CM should be used to create h o l i s t i c job structu-
res. Within the framework of integrated systems adequate competence 
structures are best to be established by regrouping the departments i i 
ver t ica l organization. For each product or group of products in a f i r n 
the people working in design, planning and production should be l inke i 
closer together. 
- More than in the past C M offers the poss ib i l i ty to support the so-cel led 
concept of design, planni lg and production islands• 
- Training programs ace necessary to give the employees transparence of i n -
formation processing i n C M . Only th is transparence enables workforce to 
fu l l y use the scope they have in decision-making. 
- CM concepts should have a form in which the decision-making by humars i s 
supported, not the automated. This means, for example, that CM systems 
offer simulations o;: the consequences of different decision alternatives 
to aid the decision-maker. 
4. Is i t possible to establish human C M concepts with today's technical 
means? 
The real izat ion of thi demands l i s ted above on human CM concepts requires 
several preconditions: 
- On the one hand the CM components which are offered on the hard- and 
software market have to have certain options. The technical standard of 
these products irust reach a level that makes i t possible to real ize in 
industr ia l practice what i s possible to do with CM in pr inc ip le . 
- On the other hand human C M concepts, which can be established in p r i n c i -
pal and after speci :ic technical developments for industr ial practice, 
too, are an object of bargaining processes in firms. In these bargaining 
processes power baLmce, goodwill, thinking in short or long terms ard 
other factors play a ro le . 
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On the part of the teciinical preconditions the following of the above 
l i s ted demands can be real ized in industr ial practice because of the 
"state of the art" of the market supply: 
- It i s possible to decentralize computers. There is a tendency towards 
work-stations or even to the increasingly powerful personal computers. 
Mainframe computers are used more and more for data keeping and network 
managing. 
- There is a supply side on the software market that offers software mo-
dules for CM concepts by which the process of aggregate planning is 
aided on a central level and the process of shop scheduling i s assisted 
on a decentralized leve l . 
- The market offers not only software that tr ies to automate decision pro-
cesses by mathematical algorithms out also software products which simu-
late the consequences of decision ireking alternatives for the user. 
With this background on the market situation the "state of the art" suffers 
in the following area;;. In these f ie lds the present software supply of CM 
components hinders the real izat ion of human CM structures: 
- Common data structures, especially between CAD-systems and for example 
material requirements planning systems, are not available. 
- Common "human interfaces", i . e . "man-machine dialogue", e tc . , have rx>t 
yet been developed for the CM components. Even within one CM component 
there i s a broad variety of dialogues which different vendors o f fer . 
- Certain interfaces for daca exchange which would allow to real ize a l te r -
native forms of CM are r it available. The vendors partly offer software 
solutions for C M concepts which are interconnected with speci f ic organi-
zational solutions. 
In the following last chapter an example shal l be outlined in which a 
human-oriented CM concept could be realized i f additional technical devel-
opments were started. 
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5. An example for the need for additional technical developments to reali-
ze human CM concepts 
I n the l a s t few yea rs "shop f l o o r prograrrtning" o f CNC machine t o o l s has 
e s t a b l i s h e d i t s e l f i n Germany to a reasonable percentage bes ide the cer t r a l 
computer a ided programming. Under the aspect o f keep ing a h i g h l e v e l o f 
q u a l i f i c a t i o n on the shop f l o o r and under economic a s p e c t s , t oo , shop f Lor 
p r o g r a m i n g i s regarded i n some cases as s u p e r i o r . 
Fo r the f u t u r e i t i s > i u i t e doub t f u l whether the economic advantage o f s hop 
f l o o r prcigrairiming w i l remain . By an i n t e g r a t i o n o f CAD and computer ai ded 
progra;rming o f CNC machine t o o l s i n C M concepts the programming t imes w i l l 
become s h o r t e r . U n t i l now trie i n t e g r a t i o n i n t e r f a c e s are a v a i l a b l e f o r CAD 
systems and c e n t r a l NO programming systems o n l y . The re fo re the re w i l l p r o b -
a b l y t e a s t r e s s e d t rend to c e n t r a l NC programming. The l i m i t e d i inportdnce 
wh ich shop f l o o r programming has reached w i l l d i m i n i s h . 
T h i s t r end i s , however, not i n e v i t a b l e . The f o l l o w i n g c o n s i d e r a t i o n ma^ 
p o i n t i t ou t : i n C h a r t 2, two a l t e r n a t i v e concepts are shown which e n a l l e 
t h e exchange o f geomet r i c d a t a o f vo r kp ieces between CAD systems and t i e 
shop f l o o r . To r e a l i z e these i n t e r f a c e s a d d i t i o n a l work i n deve lop ing is 
r e q u i r e d . The t ask i s t o t r a n s f e r geometr ic d a t a ou t o f CAD systems i n t ;> 
shop f l o o r t e r m i n a l s o r computer numer i ca l l y c o n t r o l u n i t s o f machine 
t o o l s . 
I f we are s u c c e s s f u l i n the t e c h n i c a l r e a l i z a t i o n o f such concepts and i n 
p r o v i n g the economic advantages o f such concepts i n i n d u s t r i a l p r a c t i c e , 
shop f l o o r programming even i n C M cou ld have a chance i n the f u t u r e . The 
requi rement i s t ha t t i le l ead wh ich c e n t r a l ttC-prograrnming systems have 
g a i n e c , i s made up as q u i c k l y as p o s s i b l e . 
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Chart 2: Concepts for exchange of geometric data between CAD and shop--
floor-prograirming 
•ess-
Geometric data Geometric data 
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1. Old and new ways of c o n t r o l l i n g p r o d u c t i o n i n the engineering 
i n d u s t r y (1) 
S k r i n k i n g markets andnew technology seem to be l e a d i n g to a new 
o r i e n t a t i o n i n p r o d u c t i o n s t r a t e g i e s - the "end of mass prod u c t i o n " 
appears t o h e r a l d the "end of Taylori&m" ( c i f . P i o r e / S a b e l 1984). 
i f t h i s i s t r u e , then the f a c t o r y o r g a n i s a t i o n of the f u t u r e can pos-
s i b l y be prognosed from the present s i t u a t i o n i n the engineering i n -
dust r y . For the e n g i n e e r i n g i n d u s t r y produces by the " c l a s s i c " method 
of small-batch p r o d i c t i o n (most firms are i n a d d i t i o n r e l a t i v e l y 
s m a l l ) . The degree of d i v i s i o n of labour i s t h e r e f o r e a l s o r e l a t i v e l y 
s mall i n en g i n e e r i n ç : T h i s i n c r e a s e s the chances that here the 
"human-centered appioach" ( c i f . Brôdners c o n t r i b u t i o n ) can be c o n t i -
nued f u r t h e r so to say as a development of the cu r r e n t r a t i o n a l i s i -
t i o n p r a c t i c e . Perhaps even to the extent t h a t i t can serve as a 
model f o r the mass produ c t i o n i n d u s t r i e s which are heaving to a d j u s t 
to the markets. 
I t i s true that t h i s w i l l not happen a u t o m a t i c a l l y : The w e l l known 
computer-aided t e c h n o l o g i e s (CAD, CNC, CAP et c . ) can e s p e c i a l l y i n 
eng i n e e r i n g be used i n a t a y l o r i s t i c way - to some extent i n t h i s 
case the mass produ c t i o n i n d u s t r i e s would provide a (bad) example 
f o r e n g i n e e r i n g . T h i s c o n t r i b u t i o n i s intended to show that a l s o 
in connection with PPC-systems (2) there are obviously two p o s s i b i -
l i t i e s f o r use: One i s more t a y l o r i s t i c , i t concerns the manage-
ment concept of " c e n t r a l i s t i c t o t a l p l a n n i n g and c o n t r o l " . The 
other concept i s t t h a t of "framework p l a n n i n g and c o n t r o l " ; t h i s 
concept can be harmonised with the human-centered approach. 
1.1. The "foreman o r g a n i s a t i o n " and the "piecework system" as 
" c l a s s i c a l " p l a n n i n g and c o n t r o l systens i n en g i n e e r i n g 
f irms 
I t ' s necessary to d e a l f i r s t with the " c l a s s i c a l " concept of 
"Production Planning and C o n t r o l " i n the e n g i n e e r i n g i n d u s t r y . 
I t i s true that T a y l o r i s m , as a p a r t i c u l a r road towards the c e n t r a -
l i s t i c c o n t r o l of the work process, forms the centre of g r a v i t a t i o n 
f o r a l l approaches t o r a t i o n a l i s a t i o n i n i n d u s t r i a l p r o d u c t i o n and 
was (perhaps s t i l l i s ) the general " i d e o l o g y of r a t i o n a l i s a t i o n " . 
However, as a concrete r e c i p e f o r r e a t i o n a l i s a t i o n and b a s i c a l l y 
measured from i t s e f f e c t only i n mass p r o d u c t i o n , p a r t i c u l a r l y 
the automative i n d u s t r y , T a y l o r i s m has been able to win through. 
The T a y l o r i s m however has not i n p r a c i t c e been able to win through 
in the en g i n e e r i n g i n d u s t r y (which is one of the fundamental sec-
t o r s of i n d u s t r y i n Western Germany and i n Europe). 
1) This contribution i s based on the results of an empirical investigation 
into the use of computer aided PPC-Systems in mechanical engineering firms 
in West Germany. The research projekt was financed by the Federal Minister 
for Research and Technology (Cif: Manske/Wobbe 1984; Manske/Wobbe 1986; 
Manske 1986 a,b). 
2) Chart 1 in Lay's paper shows "islands of computer application", his CAPM i s 
more or less identically with PPC. 
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Why was T a y l o r i s m not a b l e t o succeed i n e n g i n e e r i n g ? 
I t f a i l e d a l r e a d y from the o b v i o u s l y a b s u r d l y h i g h c o s t s which 
would have been r e q u i r e d t o o r g a n i s e e f f e c t i v e j o b - p l a n n i n g 
departments (as w e l l as v a r i o u s c o n t r o l p o i n t s i n m a n u f a c t u r e ) . 
Perhaps a more t h e o r e t i c a l r e a s o n i s more impor tan t . As an e x p e r t 
i n m e t a l - c u t t i n g , T a y l o r h i m s e l f i n v e s t i g a t e d how many v a r i a b l e s 
the "bes t " method of p r o c e s s i n g a workp iece depended o n , and 
emphasised tha t each change i n a v a r i a b l e would a l s o a l t e r the 
"bes t" method. Such changes however o c c u r c o n t i n u a l l y i n the 
complex s m a l l - b a t c h method of m e c h a n i c a l manufacture. And an 
e s s e n t i a l v a r i a b l e — which T a y l o r f a i l e d to see p l a i n l y - -
i s t the worker h i m s e l f , o r h i s knowledge, which i n p r i n c i p l e i s 
expanded c o n t i n u o u s l y through h i s work. The f a i l u r e o f Tay lor ia * . , 
to succeed i s due f i n a l l y to the c o n t i n u a l l y changing p r e c o n d i -
t i o n s of p r o d u c t i o n . They cause what can be d e s i g n a t e d as the 
s p e c i f i c a l l y e m p i r i c a l or e x p e r i m e n t a l c h a r a c t e r of e n g i n e e r i n g 
work. 
In e n g i n e e r i n g t h e r e f o r e the a c t i v i t y o f work p l a n n i n g departments 
was b a s i c a l l y l i m i t e d to a p r e c a l c u l a t i o n , i . e . , to a rough e s t i -
mate of the c o s t s o f p r o c e s s i n g a workpiece on a machine. 
The t r a d i t i o n a l form of o r g a n i s a t i o n o f work i n e n g i n e e r i n g f i r m s 
was the s o - c a l l e d "foreman o r g a n i s a t i o n " ( M e i s t e r w i r t s c h a f t ) . I t 
gave the c o n t r o l of p r o d u c t i o n t o the foreman and the workers . 
The p r o c e s s o f p r o d u c t i o n , tha t i s , which machines would be used 
i n which sequences i n p r o c e s s i n g the components , was o n l y rough ly 
p r e - p l a n n e d . The way of working at the i n d i v i d u a l machines has 
h a r d l y been p r e s c r i b e d f o r the machine o p e r a t o r , who i s u s u a l l y 
an e x p e r i e n c e d s k i l l e d worker . Job p l a n n i n g was l i m i t e d to f i x i n g 
the "a l lowed" t i m e , the o p e r a t o r worked " f rom the b l u e p r i n t " . 
Under t h i s system the foremen i n the machine shops had to a l l c t 
work wh ich , to a l a r g e e x t e n t , i s t the reason f o r t h e i r s t rong 
p o s i t i o n i n r e l a t i o n to the w o r k e r s . For the most p a r t the workers 
were g i v e n p a r c e l s o f t a s k s which - u n l e s s more urgent jobs came 
up - they were ab le t o c a r r y out r e l a t i v e l y i n d e p e n d e n t l y . They 
were more or l e s s i n d i r e c t l y " g u i d e d " by the p iecework system: T h i s 
r ecwork system was the e s s e n t i a l " s t e e r i n g s y s t e m " . I t i m p l i e s 
a sequence o f c a r r y i n g out i n d i v i d u a l jobs i n w h i c h , to save r e -
t o o l i n g t i m e , the i n d i v i d u a l machine would be " o p t i m a l l y " o r g a n i s e d 
by the o p e r a t o r . Workers (and foremen) a c t e d a c c o r d i n g to t h e i r 
own s t r a t e g i e s . The t o t a l p r o c e s s of manufacture was i n p r i n c i p l e 
o f no i n t e r e s t to them, although o f c o u r s e t h e r e had to be a c e r t a i n 
amount o f c o o r d i n a t i o n between assembly and machine p r o d u c t i o n . 
There was, however , always a c e r t a i n amount o f "chaos" p resen t i n 
t h i s method of c o n t r o l . I t was, f o r i n s t a n c e , t y p i c a l t h a t some 
p a r t s were c o n s t a n t l y u n a v a i l a b l e when they were u r g e n t l y needed 
f o r assembly ; an i n t e g r a l p a r t o f t h i s system i s t h e r e f o r e the 
"component t r a c e r " who has to " t r a c k down" the m i s s i n g components. 
The f i r m p r o f i t e d i n t h i s c o n t r o l system form a r e l a t i v e l y h igh 
u t i l i s a t i o n of machines and r e l a t i v e l y low machine and work c o s t s 
per p r o d u c t i o n u n i t . On the o t h e r hand , from the p o i n t o f view of 
management c o n s i d e r a b l e d isadvantages r e s u l t e d form the f a c t tha t the 
p iecework system s t o o d i n the way of the d e s i r e d i n t e g r a t i o n of the 
t o t a l p r o c e s s . For the management i n the f i n a l a n a l y s i s manufacture 
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was a b l a c k box . P r D d u c t i o n knowhow main ly l a y w i th the workers as 
the "foremen" o f t h e i r own w o r k p l a c e s . The p iecework system was 
t h e r f o r e a " s t e e r i n g system" i n the sense t h a t i t r e p r e s e n t e d a 
compromise i n the q u e s t i o n o f the wage/output r e g u l a t i o n , and was 
at the same t ime a s u b s t i t u t e s o l u t i o n f o r the c e n t r a l i s t i c c o n -
t r o l o f work which would i n the f i n a l a n a l y s i s not be a t t a i n e d . 
A l l i n a l l , there e x i s t i n " c l a s s i c a l " e n g i n e e r i n g f i r m s cons snsual 
r e l a t i o n s h i p s between management and workers or the employees 
a l t o g e t h e r . T h i s i s t the consequence o f the management's b e i n j 
dependent , because o f the p a r t i c u l a r form o f p r a c t i c a l - e x p e r i n e n -
t a l work i n e n g i n e e r i n g , on the c o o p e r a t i v e r e a d i n e s o f the labour 
f o r c e - the work cannot be p r e p l a n n e d wi thout any h i a t u s e s . T i e 
p l a n n i n g and the c a r r y i n g out o f an a c t i v i t y to a c o n s i d e r a b l e 
e x t e n t form a s i n g l e u n i t . 
1.2. Computer -a ided PPC-Systems as the new way to o r g a n i s e p r o -
d u c t i o n 
Computer -a ided p r o d u c t i o n c o n t r o l pe rmi ts f o r the f i r s t t ime :he 
promise of s u c c e s s for a c e n t r a l i s t i c command g r i p , and at the 
same t ime means a c îange o f form i n the appoach to c o n t r o l . Com-
pared wi th T a y l o r i s . n , the new a s p e c t o f t h i s command g r i p c o n -
s i s t s i n the f a c t t î a t no at tempt i s made to l a y bare the core o f 
the work p r o c e s s . S ich a d i r e c t command g r i p i s found i n T a y l o r i s m 
(Manske 1986 a ) . In c o m p a r i s o n , c o m p u t e r - a i d e d p r o d u c t i o n con : r o l 
i s t o be seen r a t h e r as an i n d i r e c t approach to the c o n t r o l o_r 
p r o d u c t i o n or the work p r o c e s s . The a p p l i c a t i o n o f t h i s c o n t r o l 
takes p l a c e so to say around the "core of the work p r o c e s s " . (1) 
1) A note on the expression "core of the work process": 
It i s usual to emphasise the separation of the planning and controllincr 
ac t i v i t i e s from those of the actual carrying-out of the work as beeing pne 
central component of Taylorism (Bravermann 1974) . However the specific j 
point about Taylorism i s perceived as a whole only when the "atomistic' > 
method of proceeding contained in this approach i s seen in the planning; and 
control of the production process: every detail of this process i s supit>sed 
to be analysed and " s c i e n t i f i c a l l y prepared", in order subsequently to j 
synthesise a plan out of the individual elements. So far as the analys;.js 
of the work of the direct producer i s concerned, Taylorism aims through 
this at making the production knowledge of the workers availabel centajlly, 
so that each minute particle of this knowledge i s "expropriated" - the j 
"secret" of how the work i s carried out i s to be totally exposed. Workers 
however continually build up additional and important production knowledge 
as pracitcal know how, "tacit nowledge". The expropriation of production 
knowledge thus involves a continuous storage of ongoing new "zones of 
uncertainty" (Crozier, Friedberg 1979) - or laying open the core of the: 
work process. 
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The e s s e n t i a l c o m p o n e n t s o f t h e new a p p r o a c h a r e : 
t h e a l l o c a t i o n o f v e r y s m a l l v o l u m e s o f w o r k t o t h e w o r k e r s ; 
t h e y a r e g i v e n s t o c k s o f w o r k w h i c h c a n be a c c o m p l i s h e d i i 
o n e o r a t m o s t t w o d a y s . I n e x t r e m e c a s e s t h e y a r e a l l o c a t e d 
o n l y o n e t a s k a t a t i m e . 
T h e r e i s a t e n d e n c y , by means o f d a t a c o l l e c t i o n i n t h e f i r m , 
t o make t h e t i m e s n e c e s s a r y f o r e a c h t a s k more p r e c i s e t h r o u g h 
i m m e d i a t e r e g i s t r a t i o n o f t h e s t a r t a n d f i n i s h o f t h e j o b s . 
I n a d d i t i o n , i m p o r t a n t e v e n t s , s u c h a s d e f e c t s i n m a t e r i a l , 
l a c k o f m a t e r i a l , m a c h i n e s t o p p a g e s a n d t h e r e a s o n s f o r t h e m , 
a b s e n c e o f w o r k e r s a n d t h e r e a s o n s , e t c . , c a n be r e g i s t e r e d 
by means o f t h e f i r m ' s d a t a c o l l e c t i o n , a b o v e a l l f o r t h e p u r -
p o s e o f e l i m i n a t i n g d i s r u p t i o n . 
The p i e c e w o r k wage s y s t e m i s r e p l a c e d by a m i x t u r e o f t i m e -
wage s y s t e m s a n d b o n u s s c h e m e s . A p a r t f r o m o t h e r r e a s o n s , t h e 
c h a n g e i n wage f o r m i s g o o d f r o m t h e p o i n t o f v i e w o f m a n a g e -
men t b e c a u s e t h e m o r e e x a c t c e n t r a l i s t i c c o n t r o l o f t h e p r o -
d u c t i o n p r o c e s s i n t h i s way b e c o m e s more c o n s e n s u a l , s i n c e i n 
p r i n c i p l e s m a l l a l l o t m e n t s o f t a s k s a n d s t r i c t e r c o n t r o l s a re 
n o t a b l e t o b e c o m b i n e d w i t h t h e p i e c e w o r k wage s y s t e m . 
T h e s e a r e t h e c o n t o u r s o f t h e new a p p r o a c h f o r t h e p l a n n i n g a i d 
c o n t r o l o f t h e p r o d u c t i o n p r o c e s s e s . B e s i d e s t h e f a c t , t h a t P ? C -
S y s t e m s c a n be u s e d i n d i f f e r e n t ways - c i f . t h e n e x t c h a p t e r -
a l l c o m p u t e r - a i d e d P P C - S y s t e m s h a v e t h e f o l l o w i n g e f f e c t s : W i t h 
PPC i t i s f o r t h e f i r s t t i m e p o s s i b l e t o u n d e r t a k e e x t e n s i v e 
p l a n s f o r c a p a c i t y u s e , s a l e s o r d e r p r o c e s s i n g , i n v e n t o r y c o n t r o l 
a n d t o p l a n s e q u e n c e s o f w o r k i n d e t a i l . 
M a r k e t c o n d i t i o n s a n d d e f i c i t s i n a u t o n o m i s a t i o n o f t h e p r o d u c -
t i o n p r o c e s s f r o m t h e w o r k e r s a r e r e s p o n s i b l e f o r t h e f a c t t h a t 
a s p r e v i o u s l y t h e w o r k e r s s t i l l p o s s e s s some own r e l e v a n t " c o n r a r o l 
z o n e s " . B u t t h o s e c o n t r o l z o n e s h a v e b e e n g r e a t l y r e d u c e d i n com-
p a r i s o n w i t h e a r l i e r p e r i o d s . I n b r i e f : W i t h P P C - S y s t e m s a h i g h l y 
e f f e c t i v e c o n t r o l o v e r t h e p r o c e s s - a n d o v e r m e n ! - a s i n t e n d e d 
b y managemen t i s a c h i e v e d by b e t t e r p l a n n i n g , o r g a n i s i n g , s t e a r i n g 
a id c o n t r o l o f t h e p r e c e d i n g a n d s u r r o u n d i n g a r e a s o f p r o d u c -
i i o n ( i . e . : t h e c o r e o f t h e w o r k p r o c e s s ) . 
2 . A l t e r n a t i v e S t r a t e g i e s i n t h e u s e o f P P C - S y s t e m s : T o t a l 
p l a n n i n g v e r s u s f r a m e w o r k p l a n n i n g 
W i t h t h e i n t r o d u c t i o n o f P P C - s y s t e m s t h e f o l l o w i n g e c o n o m i c 
r e s u l t s a r e i n p a r t i c u l a r e x p e c t e d by m a n a g e m e n t : 
r e d u c t i o n o f t h r o u g h p u t t i m e s ; 
b e t t e r o b s e r v a n c e o f d e l i v e r y d a t e s ; 
r e d u c t i o n i n s t o c k s o f s e m i - f i n i s h e d p r o d u c t s a n d b o u g h t - i n 
c o m p o n e n t s ; 
i n c r e a s e i n t h e c a p a c i t y u t i l i z a t i o n o f m a c h i n e s . 
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The Q u e s t i o n i s : How can we a c h i e v e those r e s u l t s , how can we 
u t i l i z e the enormous new p o t e n t i a l f o r p l a n n i n g and c o n t r o l p r o -
d u c t i o n . 
Is i t p o s s i b l e t o schedu le p r o d u c t i o n by computer so a c c u r a t e l y 
t h a t t h i s s c h e d u l e o n l y needs to be executed? T h i s seems to be 
the o u t s t a n d i n g problem fo r many sof tware d e v e l o p e r s and f i r m 
management. Such an approach amounts to r e d u c i n g p r o d u c t i o n c o n -
t r o l to a t e c h n i c a l p rob lem. I wish to demonstrate tha t such a 
t e c h n i c a l view o f c o n t r o l problems i n mechan ica l e n g i n e e r i n g :.s 
inadequa te ; p r o d u c t i o n p l a n n i n g and c o n t r o l cannot be separa ted 
from the " s o c i a l r e l a t i o n s h i p s " w i t h i n the f i r m ( jus t mentioned 
a b o v e ) , and i f t e c h n o c r a t i c s o l u t i o n s l e a d to l e s s than o p t i m a l 
r e s u l t s , t h i s i s not e n t i r e l y due to comput ing p rob lems . In o rder 
to show t h i s I w i l l now o u t l i n e the two d i f f e r e n t concepts of PPC: 
The c e n t r a l i s t i c t o t a l p l a n n i n g and the framework p l a n n i n g , 
c o u p l e d wi th d e c e n t r a l i s e d r e s p o n s i b i l i t i e s . 
I f we look a t the c o n t r o l concept o f c e n t r a l i s e d t o t a l p l a n n i n g , 
we can des igna te i t as an attempt to o r g a n i s e complex s m a l l - b a t c h 
p r o d u c t i o n i n a way s i m i l a r to l a r g e - b a t c h p r o d u c t i o n . To the a d -
v o c a t e s of t h i s concept i t i s p r e c i s e l y the new computing p o t e n t i a l 
which appears to be a p p r o p r i a t e f o r p r o d u c i n g the t r a n s p a r e n c y 
which i n mass p r d u c t i o n can be a c h i e v e d by the norrowly p r e s c i i b e d 
p r o d u c t i o n methods, by extreme d i v i s i o n of l abour i n assembly , by 
an exact s c h e d u l i n g and by the s t r i c t l y s p e c i f i e d o r g a n i s a t i o n of 
the p r o c e s s i n g sequence . There was, however , a demand to go beyond 
t h i s and to " d e p e r s o n a l i s e " c o n t r o l . The c e n t r a l know how which i s 
a l r e a d y p r e s e n t i n p r o d u c t i o n (with foremen and machine o p e r a t o r s 
j u s t as much as w i th workshop management) and which was a l r e a d y 
p a r t i a l L y a v a i l a b l e c e n t r a l l y , was to be c o m p u t e r i z e d . I t was e x -
p e c t e d that t h i s would c o n t a i n adequate p l a n n i n g p o s s i b i l i t i e s to 
make i n d i v i d u a l machine p r o d u c t i o n c e n t r a l l y c o n t r o l l a b l e . 
However, i n most f i r m where a t tempts were made at such an a p p r o a c h , 
i t ve ry soon appeared tha t p r e c i s e sequence p l a n n i n g was o n l y a p p l i -
c a b l e to a very l i m i t e d e x t e n t . The reason f o r t h i s l i e s not w i th 
computing i t s e l f but very o f t e n wi th programmes which are u s u a l l y 
unable to cope wi th p r o d u c t i o n r e q u i r e m e n t s . S tandard programns, a t 
l e a s t , too c l o s e l y copy the s t r u c t u r e of mass p r o d u c t i o n . 
In s p i t e of such d e f i c i e n c i e s , c e n t r a l i s e d t o t a l p l a n n i n g i s s t i l l 
a p r e v a l e n t o r i e n t a t i o n . "At l e a s t make a s t a r t ' i s the motto of 
the advocates o f t h i s p h i l o s o p h y . The r e c o g n i s a b l e d e f i c i e n c i e s o f 
d e t e r m i n i s t i c s c h e d u l i n g were to be b a l a n c e d by more p l a n n i n g . By 
the expans ion of p r o d u c t i o n data c o l l e c t i o n (PDC) and a changeover 
to a r e a l t i m e p r o c e s s i n g o f c o l l e c t e d d a t a , i t i s b e l i e v e d t h a t 
p l a n n i n g can a d e q u a t e l y be adapted t o changed c o n d i t i o n s . The c l a i m 
i s ma in ta ined t h a t the workshop s h o u l d not c a r r y any o r d e r s u n l e s s 
a p r e c i s e p l a n n i n g has p r e v i o u s l y been u n d e r t a k e n . With PDC, every 
event in the workshop was, as f a r as p o s s i b l e , to be p lanned m 
r e s p e c t o f t ime and wi thout any e r r o r s . Only i n t h i s way can 
p l a n n i n g be kept up to d a t e . 
At the l e v e l o f the employee, t h i s concept l e a d s to a d e t a i l e d 
s c h e d u l i n g o f s i n g l e t a s k s . T o t a l p l a n n i n g a l s o i m p l i e s o f n e c e s -
s i t y a s t r i c t c o n t r o l o f workshop employees , not o n l y workers but 
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a l s o foremen and even c o n t r o l p e r s o n n e l . I t i s no e x a g g e r a t i o n 
t o say tha t "even the a l l o t m e n t o f work i s p r e d e t e r m i n e d , s o t h a t 
the f u n c t i o n s which remain c o n s i s t o n l y o f c a r r y i n g out work and 
r e p o r t i n g i t back" (Bechte 1980) . 
The c e n c r a l i s e d t o t a l p l a n n i n g concep t s tands i n c o n t r a s t to one 
which l i n k s a c e n t r a l framework p l a n n i n g w i th d e c e n t r a l i s e d , p e r -
s o n a l d e t a i l p l a n n i n g and not o n l y e x e c u t i o n of p l a n s . I t can be 
d e s c r i b e d as a " s e a r c h f o r the midd le r o a d " . In t h i s c a s e , p r o d u c -
t i o n c o i t r o l on ly o f f e r s a l o o s e framework p l a n which i s to be d e -
t a i l e d in the workshop. C e n t r a l framework p l a n n i n g means tha t 
da tes f o r e x e c u t i o n of jobs are c a l c u l a t e d , o p t i m i s e d and c e n t r a -
l i s e d by means of b a s i c comput ing r o u t i n e s . In c o n t r a s t to the 
foremen system, t h i s means i n p a r t i c u a l a r the use of the i n t e g r a -
t i o n p o t e n t i a l o f computers . The sequence of d e a d l i n e s becomes 
more r e l i a b l e f o r ^he foremen and more t r a n s p a r e n t f o r the c e n t r a l 
s t a t i o n . In t h i s concept c e r t a i n p l a n n i n g b a r r i e r s of mechan ica l 
p r o d u c t i o n are a c c e p t e d and no at tempt i s made to produce a com-
p l e t e p r e - p l a n n i n g o f the p r o d u c t i o n p r o c e s s . I f the a t t i t u d e of 
t o t a l p l a n n i n g i s in p r i n c i p l e an at tempt t o adapt product ion o f 
p l a n n i n g , then the a t t i t u d e of framework p l a n n i n g i s an at tempt to 
m a i n t a i n e x i s t i n g advantages of the s t r u c t u r e a l r e a d y p r e s e n t and 
i n c l u d e s i t as an element of the p l a n n i n g c o n c e p t . 
T h i s approach d i f f e r s fundamenta l l y from t o t a l p l a n n i n g . The p h i l o -
sophy o£ t o t a l p l a n n i n g i m p l i e s a c e n t r a l p l a n , p repared p r i o r to 
manufac ture , and a l s o tha t the p r o d u c t i o n p l a n i s s t r i c t l y e n f o r c e d . 
A c c o r d i n g to the d e c e n t r a l i s e d a p p r o a c h , p l a n n i n g i s a p r o c e s s which 
must i n c l u d e the s k i l l s on the shop f l o o r . The p l a n i s not c o m p l e t e l y 
p r e p a r e d b e f o r e p r o d u c t i o n ; i t r a t h e r mergers s u c c e s s i v e l y , and never 
so c o m p l e t e l y tha t i s r e p r e s e n t s f u l l and d e t a i l e d i n s t r u c t i o n s to 
the workshop on how to p r o c e e d . P r o d u c t i o n c o n t r o l i s a s y n t h e s i s 
o f computing c a p a c i t y and p e r s o n n e l c a p a c i t y . 
3. T o t a l p l a n n i n g or framework p l a n n i n g - which w i l l p r e v a i l ? 
I f the o b s e r v a t i o n s made i n the c o u r s e of the survey are c o r r e c t , 
then the f i r s t phase of the a lmost e u p h o r i c i n t r o d u c t i o n of computer 
c o n t r o l systems i n mechan ica l e n g i n e e r i n g f i r m s has today been r e -
p .aces by a phase o f s o b e r i n g u p . The c o n t r a s t e d c o n c e p t s p o i n t to 
two paths which f u r t h e r development c o u l d f o l l o w . Which i s the more 
l i k e l y ? We can get nearer an answer to t h i s q u e s t i o n i f we remember 
t h a t r a t i o n a l i s a t i o n b a r r i e r s i n m e c h a n i c a l e n g i n e e r i n g a r e , on the 
i n c r e a s e . Machine p r o d u c t i o n can be o n l y to a degree p lanned i n a d -
v a n c e , s i n c e 
the sequence of o p e r a t i o n s f o r mechan ica l p r o c e s s i n g cannot a l -
ways be e x a c t l y and i n d e t a i l p r e d e t e r m i n e d ; 
a l lowed t imes cannot be e x a c t l y d e t e r m i n e d , and " a c t u a l l y r e -
q u i r e d " t imes can d i f f e r from the g u i d e l i n e s i n i n c a l c u l a b l e 
ways; 
market demands can have t h e i r e f f e c t , so tha t manufacture may be 
begu l even though the p roduc t has not been t h o r o u g h l y d e s i g n e d i n 
d e t a i l a n d / o r o n l y rough p l a n s or none a t a l l have been p r e p a r e d ; 
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- market demands make subsequent changes u n a v o i d a b l e ; 
- market demands c o n t i n u a l l y c r e a t e urgent o r d e r s - f o r i n s t a n c e 
f o r ;he d e l i v e r y o f spare p a r t s - which cannot be postponed and 
f o r which o n l y a l i m i t e d s t o c k can be k e p t ; 
t e c h n i c a l p r o b l e m s , such as the breakdown o f a machine , can be 
reckoned o n l y as an average but not c a l c u l a t e d i n d e t a i l ; i f one 
p a r t i c u l a r machine i s out of p r o d u c t i o n f o r a coup le of d a y s , 
there i s no p o i n t i n the breakdown hav ing been c o r r e c t l y c a l c u -
l a t e d as "average" i n the long term; 
e r r o r s i n p l a n n i n g ( f o r example;, wrong des igns) and d e f i c i e n c i e s 
i n o r g a n i s a t i o n ( fo r i n s t a n c e , m a t e r i a l s not b e i n g a v a i l a b l e 
when they are r e q u i r e d ) cannot be exc luded i n the c o m p l e x i t y 
o f machines or sequences o f o p e r a t i o n s , nor can they be a n t i c i p a -
ted with p r e c i s i o n ; 
p l a n n i n g of sequences can take no account of the s t a t e of the 
workers or o f known a t t i t u d e s or accep ted c l a i m s . The s t a t e a 
worker i s in can a f f e c t h i s p r o d u c t i v i t y ; he i s not a machine 
which can go on work ing c o n t i n u o u s l y and at the same l e v e l . 
A t t i t u d e s i n c l u d e such f a c t s t l a t , f o r i n s t a n c e , workers o f t e n 
need a c e r t a i n t ime f i r s t thine- i n the morning b e f o r e they get 
g o i n g , and i t i s u n f o r t u n a t e ii the f i r s t job i n a d e t e r m i n i s t i -
c a l l y p lanned sequence t u r n s 0 1 t to be a "problem c a s e " . One com-
ponent of accep ted c l a i m s i s f o r example tha t a f t e r c o m p l e t i n g a 
"bad task a worker i s g i v e n a " c o o d " one; 
o n l y to a l i m i red e x t e n t can v o r k e r s be moved around to d i f f e r e n t 
machines . The machines u s u a l l y r e q u i r e a c e r t a i n time f o r f a m i -
l i a r i s a t i o n which i s the f o u n d a t i o n of e f f i c i e n t u s e . The use o f 
s t a n d - i n s , now on one mach ine , now on a n o t h e r , has i t s l i m i t a -
t i o n s i n s m a l l - b a t c h p r o d u c t i o n i n mechan ica l e n g i n e e r i n g , which 
means t h a t f o r econcomic reasons s t a f f can be adapted t o an i n -
f l e x i b l e sequence p l a n o n l y to a l i m i t e d e x t e n t . 
What remains as an argument i n favour of t o t a l p l a n n i n g ? The b a r r i e r s 
t o p l a n n i n g which have been o u t l i n e d r a t h e r c o n t r i b u t e to the c o n -
c l u s i o n tha t mechan ica l p r o d u c t i o n can i n g e n e r a l not be f o r c e d i n t o 
the bed of P r o c r u s t e s r e p r e s e n t e d by a d e t e r m i n i s t i c t o t a l p l a n n i n g . 
B a s i c a l l y i t i s t e c h n i c a l r easons (the c o m p l e x i t y o f the p roduct and 
the l i m i t s of t e c h n i c a l automat ion) and market c o n d i t i o n s (the 
t r e n d towards p r o d u c t i o n which f o l l o w s the s o l u t i o n of i n d i v i d u a l 
problems) which r e s t r i c t the a b i l i t y o f mechan ica l p r o d u c t i o n to be 
p l a n n e d . The c o m p l e x i t y o f p r o d u c t i o n l eads to the f i r m remain ing 
dependent upon the t e c h n i c a l s k i l l s o f the workers and the foremen, 
a n d upon t h e i r m o t i v a t i o n : The workers must be taken s e r i o u s l y as 
" p r o d u c e r s " by the f i r m , t h e i r d e d i c a t i o n i s e s s e n t a i l f o r p r o d u c -
t i o n to f u n c t i o n . 
With t h i s i n c l u s i o n o f the s k i l l s o f formen and w o r k e r s , w i th the 
c o n s c i o u s r e c o g n i t i o n o f the "producer r o l e " o f the workers under 
the aspec t of i n c r e a s i n g p r o d u c t i o n e f f i c i e n c y , the " s o c i a l c h a r a c -
t e r " o f mechan ica l p r o d u c t i o n i s f u l l y a p p r e c i a t e d . Our i n v e s t i -
g a t i o n shows tha t ei r i g i d p l a n n i n g concept which does not o f f i c i a l l y 
e n v i s a g e the c o n t r i b u t i o n by workers and foremen as w e l l as c o n t r o l 
p e r s o n n e l from the s t a r t , i s l i a b l e to provoke n e g a t i v e r e a c t i o n s . 
As a consequence , p l a n n i n g can q u i c k l y t u r n i n t o a "wor ld of u n r e a l i -
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ty" which d i f f e r s c o n s i d e r a b l y from the a c t u a l s c h e d u l i n g i n f o r c e . 
In a d d i t i o n , where the s o c i a l needs of the workshop are i n s u f f i c i e n t 
l y taken i n t o c o n s i d e r a t i o n , b u r e a u c r a t i c behav iour and w o r k i n g - t o -
r u l e a r c p r o v o k e d . The " s o c i a l c h a r a c t e r " o f mechan ica l p r o d u c t i o n 
has t h e r e f o r e the same b a s i c r o o t s as i t s l i m i t e d p l a n n a b i l i t y ; i f 
i n d i c a t e s t h a t the t e c h n i c a l and o r g a n i s a t i o n a l problems o f machine 
p r o d u c t i o n l e a d the m e c h a n i c a l e n g i n e e r i n g f i rms to hav ing to enter 
upon compromises wi th the workshop i n a s p e c i f i c way, which must 
a l s o be c o n s i d e r e d as a p r e c o n d i t i o n i n devising c o n t r o l sys tems. 
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engineering industry which responded to the challenging changes of 
market conditions with the introduction of flexible automation technolo-
gies, hecoming increasingly capital intensive and having shrinked the 
ratio of labour in terms of value as well as in terms of numbers 
(SORGE et.al. 1982; KERN u. SCHUMANN 1984; PIORE u. SABEL 1985) the 
clothing industry tentatively made use of the choice of organizational 
and skill resources to obtain a higher degree of flexibility, product 
quality, shortage of lead time and so on (KNESEBECK 1983). 
As far as the German situation of the clothing industry is concerned 
most enterprises only could survive in a hard contested market by a 
shift from standardized mass production towards specialized customer 
taylored quality production. In conjunction with this new market stra-
tegy the clothing producers are faced with: 
Smaller and smallest batch sizes; 
Uncertain availability of materials (fabrics and others); 
Increased variety of products (various colours, patterns, sha-
pes); 
Changed order behaviour of customers (wholesale and retail), 
careful pre-orders are followed by several and in both \ 
respect qualitatively and quantitatively different post-orders • 
including modest alterations of various characteristics of the 
products; \ 
High level quality standards are to be reached whereas an 
increasing variety of fabrics and other materials makes it 
much more difficult to meet quality standards within given 
piecework times. 
These new market requirements enormously influence the production 
process. Because of specific obstacles the technical automation and in -
tegration of different functions is - at least - behind the state of the 
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a r t i n most o ther i n d u s t r i e s (Neue A r b e i t s s t r u k t u r e n ...1983; BRACZYK 
e t .a l . 1984a). C lo th ing i n d u s t r y remains labour i n tens i ve . 
In recent years most of the lead ing f i rms of the c lo th ing i n d u s t r y i n -
t roduced new types of work o rgan iza t i on , such as w o r k i n g g r o u p s , in 
o r d e r to obta in more f lex ib i l i t y by o rgan iza t iona l means. Th is way n e -
cess i ta tes re la t i ve ly h igh leve l of s k i l l s and improvements of w o r k i n g 
cond i t ions . The des ign of work wh ich has taken place d u r i n g the las t 
decade ind ica ted d i f fe ren t t ypes of job enr ichment and semi -
autonomous g r o u p s . Shop f loor w o r k e r s ' capab i l i t y became a s t ra teg ic 
k e y resource to seve ra l e n t e r p r i s e s when they attempted to ad jus t 
work o rgan iza t ion and sk i l l s of shop f loor personne l to the new market 
requ i rements . Theses at tempts i nc luded cons iderab le enhancements of 
task elements of both ho r i zon ta l and ve r t i ca l f unc t i ons . Labou r fo rce 
remained as the most s ign i f i can t source f lex ib i l i t y cou ld d e r i v e d f rom. 
The way the c lo th ing p r o d u c e r s had chosen , of cou rse , was determined 
by a remarkab ly lagged techno log ica l development in terms of both 
p rocess and o rgan iza t iona l i n teg ra t i on compared to o ther i n d u s t r i e s . 
However, wi th the help of m ic roe lec t ron ics p roduc t ion equipment beco -
mes more f lex ib le . Because of i ts capab i l i t y mic roe lec t ron ica l l y based 
techno logy wi l l a f fect the new forms of work o rgan iza t ion i n the 
c lo th ing i n d u s t r y . As f a r as the assembl ing and f i n i s h i n g sec t ions of 
the p roduc t i on p rocess (sewing, p r e s s s i n g , inspect ion) are conce rned , 
more and more eng inee r i ng manu fac tu re rs p rov ide computer ized un i t 
p roduc t i on systems (UPS) i n con junc t i on wi th c o n v e y o r s h a v i n g h a n -
ge rs wi th clamps or bund les in o rde r to fac i l i ta te the i n teg ra t i on of i n -
c reased number and v a r i e t y of p roduc t c r i t e r i a - stemming f rom ac tua l 
market requ i rements - in to the p roduc t i on p rocess . Th i s leads to a 
ce r ta in extent to a rena issance of the so -ca l led hang ing manu fac tu r i ng 
wh ich means the connec t ion of each work s ta t ion by c o n v e y o r s wi th 
hangers wh ich a c c o r d i n g to the schedu le p rov ide the work s ta t ions 
wi th piece goods a p p r o p r i a t e l y . 
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According to a supplier survey we recently conducted, in which eight 
out of ten responded, computerized UPS are designed to make the pro-
duction process more suitable to increased flexibility demands due to 
new market conditions (BRACZYK et.al. 1987). Besides typical aims of ra -
tionalization, such as reduction of labour and capital costs, suppliers 
consider different needs of clothing producers in order to obtain much 
more flexibility in the manufacturing process, especially 
* improved insight, information, and control 
* reduction of throughput time 
* optimizing management of the sewing floor, e.g. balancing 
the line. 
With the help of computers (in most cases different kinds of PC appli-
cations) different work stations will be provided automatically only with 
those materials actually needed and the entire sewing line will be coor-
dinated properly including high priority throughput of urgent orders, 
at least according to responses of the suppliers. 
Our analysis of the systems under study focused on implications for 
work organization and skills. We looked at the extent to which the sy -
stem configurations contain options and constraints, respectively, re-t 
garding different utilization patterns covering task definition, skill 
requirements, and autonomy of sewing personnel. In addition matters of 
i 
data and information management including access to data related to 
the individuals have been considered. | 
The findings in general are impressive and have certain theoretical 
significance. Despite the overall accepted rejection of the technological 
determinism hypothesis there is no doubt that production technologies 
- at least those under study 1 - implicitly contain "prescriptions" on 
how to use them. We consider it important to clarify the - possible -
1 However, we have further reason to support this hypothesis in the 
light of previous research results. Cf. BRACZYK 1985b, p. 262 - 277; 
BRACZYK et.al. 1984b. 
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impact of those prescriptions on work organization and skills. Although 
all system configurations under study aim at the same objective: to 
gain and to facilitate higher flexibility of the production process at 
sewing floor, as a result of our analysis we can clearly distinguish 
between types providing opportunities for task definitions on higher 
ski 1 level as well as for extended disposition for the individual sewing 
woi ker and those which do not. It appears that there are options and 
constraints already embedded in system configurations of technology 
by suppliers. 
Ob\iously, the design of work depends to a certain extent on the sy -
stem lay out of the technology. But where do the points of reference 
for system lay out come from? 
Referring to additional interviews with members of the technical staff 
of the suppliers included in the survey we can point out that there is 
ver y little technological dialogue between suppliers and users, as far 
as the clothing industry is concerned. Regarding the computerized 
conveyors in conjunction with UPS in several cases they have been 
created and developed by different clothing producers themselves b e -
cau :¡e of a lack of appropriate machinery supply in the market. After 
having made positive experiences some of those clothing producers eit-
her changed business or became additionally an engineering manufac-
turer and brought their self-made systems into the market, suggesting 
thai they will fit into almost every production line. This is one signifi-
can . resource where concepts for the design of technology are derived 
froi i. Specific user experiences are generalized as if they are true for 
the whole industry. 
Another resource for technological concepts, and this we consider as 
mor? important, is the market. In order to say it more precisely: The 
expectations suppliers have of users' expectations of how the market 
might be structured and on how an appropriate technology should look 
like In this view technological concepts on the side of suppliers to a 
certain degree rely on interpretations of interpretations of interpreta-
tions. 
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For the moment I neglect the inherent vagueness of such technological 
concepts. First of all I pay attention to the mediating part of the mar-
ket in the context of development and design of technology. 
Rather simplifying it could be argued that the lay out of production 
technology is related to the dominating factors of the market. Of 
course, this argument is trivial as long as it relates to demand and 
supply relationships between engineering manufacturers and clothing 
producers. However, this argument seems to be true also with respect 
to strategic options in the use of technology. There is evidence that 
engineering manufacturers develop technology according to their own 
imagination about the most suitable means to meet actual market 
requirements the clothing producer is confronted with. To a certain 
extent the user becomes dependent on a hidden prescription about ap-
propriate work organization and level of skills on shop floor. The sup-
plier restricts the range of strategic options for the use of technolo-
gies on users' side. This must not be confused with technological de-
terminism in the common sense. What is meant is that technology will 
be designed in the line with principals of work organization, division 
of labour, skill requirements etc. designers and/or suppliers refer to. 
This does not exclude necessarily the installation of such a technology 
within an organizational environment due to different or even opposing 
principals. But an adjustment of one of each to the other becomes 
rather probable. 
Precisely with respect to technically embedded organizational principals 
the production technologies under study can be distinguished reaso-
nably. The key criteria of distinction are: 
Sufficient facilities for the sewing worker to interact with 
the system itself and with other work stations of the system 
as well according to his/her own disposal. 
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Ab i l i t y , i n gene ra l and fo r the wo rke r in pa r t i cu l a r , of the 
computer ized management con t ro l system for change of taska 
at the same work s ta t ion and change of work s tat ion for the 
same worke r at any time. 
Sys tem p r o v i d e d ab i l i t ies for wo rke rs to a r r ange work by 
themselves at each work s ta t ion . 
R e f e r r i n g to the r esu l t s g i ven above and tak ing the two most c o n t r a -
s t i n g t ypes of supp l i ed system con f igu ra t i ons into account : 
The first t ype by d e s i g n permi ts both the use in a r i g i d Tay lo r ian a s -
sembl ing l ine and i n a r e s t r u c t u r e d work o rgan iza t ion cons i s t i ng of 
d i f f e ren t semi-autonomous w o r k i n g g roups wh ich per fo rm at re la t i ve l y 
h igh leve l of s k i l l . In th is case the rea l use depends on the choice the 
u s e r is t a k i n g on how to use the sys tem. 
The second t ype is s t r i c t l y des igned acco rd ing to the p r i nc ipa l s of a 
Tay lo r i an assembl ing l ine wi thout admi t t ing any a l te rna t i ve . 
In the i n te rv iews i t came out that the system con f i gu ra t i ons of the 
supp l i ed technolog ies have been des igned c o r r e s p o n d i n g l y to the o r g a -
n iza t iona l concepts the s u p p l i e r s would p re fe r if t hey were in the p o -
s i t ion of the u s e r s . In so f a r one can state: The more an eng inee r i ng 
manufac tu re r be l ieves i n Tay lo r i sm at least i n the sense that Tay lo r i sm 
might be the best way fo r the use r to o rgan ize a ra t iona l p roduc t i on 
p rocess the more the s u p p l i e r wi l l des ign techno logy in f avou r of 
techn ica l l y p rov i ded f l ex ib i l i t y at the expense of o rgan iza t iona l f l e x i b i -
l i t y . In fact , systems u n d e r s t u d y be long ing to the second type are 
the express ion of the bel ie f Tay lo r i s t i c p roduc t i on concepts can be 
f u r t h e r app l ied even u n d e r deep ly changed market cond i t ions of the 
c lo th ing i n d u s t r y , i f the work s ta t ions in the l ine are add ressed more 
f lex ib ly by techn ica l means. On the o ther hand, sys tems be long ing to 
the f i r s t t ype exp ress u n c e r t a i n t y i n th is respect . 
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U n c e r t a i n t y that means l eav ing the cho ice to the use r . It is up to the 
u s e r to take h is se lec t ion out of the g i v e n , say i nco rpo ra ted , opt ions 
the sys tem con f i gu ra t i on p r o v i d e s . T h i s , of cou rse , determines not at 
a l l wh ich dec is ion the user even tua l l y wi l l take. Aga in , i t depends on 
h is i n te rp re ta t i on of the market cond i t ions his en te rp r i se is re la ted to 
and on i ts o rgan iza t iona l env i ronment , i n c l u d i n g g i ven labour fo rce , as 
wel l . 
2. S t ra teg ic opt ions - how to use them? 
In thi• case of our supp l i e r s u r v e y there is no doubt that the market 
p lays an important pa r t in the sys tems lay out of new p roduc t i on 
technolog ies . U s i n g s t ra teg ic op t ions in technolog ica l development t h e -
re fo re means the des ign of techno logy to a ce r ta in extent wi l l remain 
w i th in the context of those market cond i t ions wh ich are t rue or 
r e s p e c t i v e l y cons ide red as t rue for the p roduc t s that w i l l be manufac-
t u red wi th the help of these techno log ies . E n g i n e e r i n g manu fac tu re rs , 
however , r a r e l y are aware of the ac tua l and the foreseeable market 
s t r u c t u r e . They must re l y on ' l ong d is tance in te rp re ta t i ons ' . Th i s beco-
mes even more s ign i f i can t i f i t i s cons ide red that s u p p l i e r s must tend 
to p rov ide technolog ies f i t t i ng to future market cond i t ions use rs wi l l 
be faced to. 
The shape of market cond i t ions may change . At p resen t they , at least 
p a r t l y , suppo r t the use of s t ra teg ic opt ions in the des ign of sys tem 
lay out wh ich come close to the concept of human cen t red techno logy 
(BRODNER 1985). However, nobody knows whether the p resen t c o n d i t i -
ons wi l l remain unchanged . 
C o n s i d e r i n g the inev i tab le vagueness i n te rp re ta t i ons of market r e q u i -
rements wi l l conta in one could ask wh ich techno log ica l lay out by d e -
s i g n would be the most su i tab le one. It cou ld be s ta ted : The more a 
techno logy by des ign is in the l ine w i th the u s e r ' s concept of u t i l i z a -
t ion , the less the u s e r ' s o rgan iza t iona l system w i l l be r e s t r i c t e d to 
techn ica l l y ' p rede te rm ined ' dec is ions on work o rgan iza t i on , qua l i f i ca t i o -
nal s t r u c t u r e and s k i l l leve l (BRACZYK 1985a). We draw the conc lus ion 
that, f rom the po int of v iew of the ra t iona l i t y of socia l sys tems, the 
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dec is ion on the a l te rna t ive between ' t echnocen t r i c ' and 'human 
c e n t e r e d ' techno logy shou ld not be taken on the des ign s tage. Th i s 
on ly would change the content of techn ica l l y embedded p r e s c r i p t i o n s to 
the use r as to how to ut i l ize technology but would not el iminate the 
p r e s c r i p t i o n i tse l f . S ince we bel ieve that the rea l izat ion of the concept 
of human cen t red technology necess i ta tes consent of those who w i l l 
ac tua l l y use the techno logy in e v e r y day wo rk i ng l i fe , we cons ide r two 
a l t e rna t i ves to techn ica l l y embedded p resc r i p t i ons : 
Des ign of techno logy in a way that the fu l l range of d i f f e ren t 
opt ions fo r u t i l i za t ion wi th respec t to work o rgan iza t i on , q u a -
l i f i ca t iona l s t r u c t u r e , and s k i l l l eve l w i l l be bu i l t i n . It shou ld 
not be the des igne r but the user who takes the f ina l dec is ion 
on how to u t i l i ze the techno logy . The usor w i l l take th i s d e c i -
s ion in accordance wi th h is own percept tons of market c o n d i -
t ions and necess i t ies of the manufactu ing p rocess as wel l . 
Th i s a l te rna t i ve cou ld be ca l led p r e - d e c i n o n - t y p e . 
The use r conceptua l i zes p r e v i o u s l y to the des ign of new 
techno logy the o rgan iza t iona l f ramework, qua l i f i ca t iona l 
s t r u c t u r e and s k i l l l eve ls . The technology then wi l l be d e s i -
gned in accordance wi th the taken dec is ion of the use r 
w h i c h , i n t u r n , co r responds to a specif ic consent cons te l la t ion 
among ac to rs and g roups w i th in the u s e r ' s f i rm. Th is cou ld 
be ca l led the p o s t - d e c i s i o n - t y p e . 
The u s e r , of cou rse , no'; at a l l is a s ing le man - on ly by neglectab le 
except ion . The use r r a t h s r r e p r e s e n t s an o rgan iza t ion - a soc ia l sys tem 
embedded in i n te rna l and ex terna l env i ronments . The socia l sys tem has 
i ts own dynamics (LUHMANN 1984;). Rega rd ing the ra t iona l i t y of soc ia l 
sys tems the main quest ion of technolog ica l development i s whether 
techno logy shou ld automize socia l sys tems or suppo r t f u r t h e r evo lu t ion 
and d i f fe ren t ia t ion of soc ia l sys tems. 
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3. Human centred technology 
Coming back to the concept of strategic options in the use of techno-
logy. In the light of our own empirical results and research experien-
ces we would like to stress: 
There are indeed different options in the use of technology. For eco-
nomic, social and human reasons it is highly recommendable to take use 
of them. 
It is, however, more rationale to leave the decision on the use of diffe-
rent options to the user's system instead of imposing a unique alterna-
tive technological concept on the design departments of the supplier's 
system. 
Just for the very reason that there are different options in the use of 
technology it is up to the users getting" aware of the fact that there 
are choices to be taken. Criteria of selection must be tied up with the 
rationality of the user's organizational system. 
Referring to the available knowledge on the relationship between tech-
nological change, work organization, and skills the following seem to 
form almost a rule: The more complex the technology is in terms of or-
ganizational integration, the more social prerequisites in terms of con-
sent among the different actors, groups and institutions involved play 
a decisive part in the utilization of technology. Consequently, growing 
dependence on extra-technical prerequisites parallels the use of tech-
nology with increasing risks originated outside the technology itself. 
Obviously, on the design stage consent hardly can be anticipated. This 
consideration leads to the conclusion that development and design of 
technology must be based upon consent among the users and different 
actors concerned. 
Users, in the meaning of social systems, must develop an adequate un-
derstanding of the function of social systems and should accordingly 
deploy appropriate technological concepts. It is the social system tech-
nology should fit to, and not the other way round. Most members of 
social systems obviously need help and support in obtaining this ade-
quate understanding. 
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Additionally, the user consists of different social actors following diffe-
rent interests. It is important to employ consent among theses actors. 
Thus, development and design of new technologies should become a 
genuine social process involving different members of a firm's organi-
zation and other relevant social actors related to the organization of 
work as well. 
Since there is no longer a.iy doubt about the fact that new, computeri-
zed, technology that share the property of being, at least partly, or-
ganizational technology, it is important to realize that there is an in-
creasing need to tie up the use of technology with consent among 
users. 
Obtain ng consent will have the best chance, by empirical evidence, 
when the most significant actors that are anyhow involved will be 
coordinately related already to the conceptual work either previously 
to the technical design or to the user's decision on utilization. In other 
words: The new technology needs a new design in the sense that the 
conceptual work will be organized socially. It does not make sense to 
have a complex organization technology designed by technical concepts 
or, let us say, philosophies. The more organizational integration is em-
phasized the more even the designing part of the whole process of 
technological development needs a proper guidance as to how the tech-
nology would respectively could fit best into either the existing or ai -
med work organization, qualificational structure, and skill level. 
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1. State-of-the-art and future trends in production systems 
W i t h i n the engineering community in Europe (and elsewhere) there 
p e r s i s t s a v i s i o n of "people-less" production systems of the future. In 
t h i s view, the e x p l i c i t i n c o r p o r a t i o n of human f a c t o r s i n the d e s i g n of 
production technology i s a temporary -and rather short term problem becoming 
incr e a s i n g l y redundant. 
Such a c l a i m f o r the f u t u r e or p r o d u c t i o n systems should be taken 
seri o u s l y , although i t i s hard to answer since i t i s probably the case that 
the evolution of such systems w i l l be somewhat haphazard and unpredictable. 
In part t h i s i s due to the uncertain nature of technical innovation during 
r a p i d p e r i o d s o f change. But i t i s a l s o due t o t h e i n e v i t a b l e 
u n c e r t a i n t i e s c o n c e r n i n g the d i f f u s i o n of s u c h t e c h n i c a l changes. 
Nevertheless, one can make some reasonable predictions about the nature of 
change and s p e c i l a t e on whether or not, i n the f o r e s e e a b l e f u t u r e , the 
design of human-machine interfaces w i l l remain relevant. 
A number of t r e n d s can be d i s c e r n e d from the c u r r e n t p a t t e r n of 
change. F i r s t l y , a l l commentators agree that the introduction of stand-
a l o n e CNC machine t o o l s , CAD work s t a t i o n s and i n d u s t r i a l r o b o t s w i l l 
c o n t i n u e to a c c e l e r a t e . But at the same time, more and more companies 
w i l l experiment w i t h , and i n t r o d u c e , i n t e g r a t e d systems such as FMS and 
CADCAM. C o n s i d e r a b l e e f f o r t w i l l a l s o go i n t o d e v e l o p i n g Computer 
Integrated Manufacturing systems but, except i n research and development 
cases and i n some instances of highly predictable production environments, 
these w i l l not extend t o f u l l y automated " p e o p l e - l e s s " f a c t o r i e s on any 
widespread b a s i s . In l a r g e p a r t t h i s i s because r e l i a b l e e n a b l i n g 
t e c h n o l o g i e s are not y e t i n p l a c e , and f u r t h e r m o r e , most companies are 
simply unable to address the complexities involved, to say nothing of the 
expense, p a r t i c u l a r l y i n the f i e l d of systems integration. Overall, such 
systems as do e v o l v e w i l l get l a r g e r and, so f a r as both the d e s i g n e r and 
the user are concerned, more complex. 
These o p p o r t u n i t i e s w i l l p robably be g r e a t e s t i n s m a l l and medium 
batch production firms, which account for around 70% of B r i t i s h engineering 
output. Such innovations as are implemented w i l l be operated i n the midst 
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o f r e l a t i v e l y o l d t e c h n o l o g i e s s u c h t h a t t h e r e w i l l be " i s l a n d s o f 
p r o d u c t i o n " amongst t r a d i t i o n a l t e c h n o l o g i e s . 
Human aspec ts of systems technology w i l l thus remain impor tant f o r the 
f o reseeab le f u t u r e . In p a r t i c u l a r , as p roduc t ion systems get l a r g e r , more 
s o p h i s t i c a t e d and c o m p l e x , t h e y w i l l need w e l l t r a i n e d p e r s o n n e l t o r u n 
them. They w i l l a l s o need t o be des igned so t h a t they a re comprehens ib le 
t o the opera to rs i f per formance l e v e l s a re to be s a t i s f a c t o r y . We a r e now 
hear ing t a l k of the " m u l t i - s k i l l e d c ra f t sman" i n r e l a t i o n t o new p roduc t i on 
t e c h n o l o g i e s - c r a f t s m a n c a p a b l e o f o p e r a t i n g and m a i n t a i n i n g c o m p l e x 
e l e c t r o - m e c h a n i c a l sys tems. 
S t a t e - o f - t h e - a r t p roduc t i on systems a re F l e x i b l e Manufac tur ing Systems 
(FMS) w h i c h comb ine t h e b e n e f i t s o f a h i g h l y p r o d u c t i v e , bu t i n f l e x i b l e 
t r a n s f e r l i n e and a f l e x i b l e , b u t r e l a t i v e l y i n e f f i c i e n t , j o b shop . An 
FMS i s a s y s t e m d e a l i n g w i t h h i g h l e v e l d i s t r i b u t e d d a t a p r o c e s s i n g and 
automated m a t e r i a l f l o w u s i n g computer c o n t r o l l e d machines, assembly c e l l s , 
i n d u s t r i a l r obo t s , i n s p e c t i o n machines and so f o r t h , toge ther w i t h computer 
i n t e g r a t e d m a t e r i a l s h a n d l i n g and s t o r a g e s y s t e m s . Such s y s t e m s a r e 
t y p i c a l l y c e n t r a l l y p rogrammed w i t h l i t t l e o r no p a r t p r o g r a m m i n g 
f a c i l i t i e s a v a i l a b l e on the s h o p f l o o r . 
The next gene ra t i on o f p roduc t ion system i s the Computer I n teg ra ted 
M a n u f a c t u r i n g (CIM) s y s t e m . These s y s t e m s e x t e n d i n t e g r a t e d c o m p u t e r 
c o n t r o l t o t h e o r d e r i n g and r e - s u p p l y o f p a r t s and m a t e r i a l s and work 
"schedul ing. 
2. Major problem a reas 
There a re t h r e e , i n t e r r e l a t e d problem areas a s s o c i a t e d w i t h the human-
machine r e l a t i o n s h i p wh ich stem from the t e c h n i c a l t rends d i s c u s s e d above. 
These a r e : -
( i ) the r e l i a b i l i t y of new product ion t e c h n o l o g i e s , 
( i i ) the e f f e c t of these techno log ies on the des ign of j o b s , and 
( i i i ) the des ign of app rop r i a te human-machine i n t e r f a c e s . 
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( i ) R e l i a b i l i t y and New P roduc t i on Technolog ies 
The h i s t o r i c a l t r e n d i n t h e d e s i g n o f s h o p f l o o r p r o d u c t i o n work has 
been t o w a r d t h e i n c o r p o r a t i o n o f human s k i l l s i n t o a u t o m a t i c m a c h i n e r y . 
The development o f the d i g i t a l computer and the m ic rop rocesso r o f f e r s the 
p o t e n t i a l t o extend t h i s s k i l l i n c o r p o r a t i o n t o both p h y s i c a l and menta l 
c a p a b i l i t i e s . The o p e r a t o r s o f s t a t e - o f - t h e - a r t FMS t e c h n o l o g y a r e 
t y p i c a l l y r e q u i r e d t o c a r r y o u t t h o s e f u n c t i o n s w h i c h a r e n o t y e t 
a u t o m a t e d . The c u r r e n t l a c k o f t e c h n i c a l s o p h i s t i c a t i o n i n s e n s i n g 
d e v i c e s and e r r o r r e c o v e r y s o f t w a r e has l e d t o a c o n c e n t r a t i o n o f human 
o p e r a t o r s i n m o n i t o r i n g and e r r o r r e c o v e r y t a s k s . As s u c h , i n d i v i d u a l 
v i g i l a n c e and respons iveness i s c r i t i c a l t o o v e r a l l system per formance and 
the wea l t h o f c r a f t s k i l l s a v a i l a b l e i n Europe remains u n d e r - u t i l i s e d . 
I t i s one o f the g rea t i r o n i e s o f t e c h n o l o g i c a l d e s i g n t h a t the human 
e l e m e n t i s r e g a r d e d a s t h e m a j o r s o u r c e o f u n c e r t a i n t y i n s y s t e m 
per formance (and t h e r e f o r e one t o be e l i m i n a t e d whenever p o s s i b l e ) , w h i l s t 
a t t h e same t i m e i t i s g e n e r a l l y a c c e p t e d t h a t t h e o p e r a t o r s ' a b i l i t y t o 
cope w i t h u n c e r t a i n t i e s and u n f o r e s e e n d i s t u r b a n c e s d u r i n g s y s t e m 
f u n c t i o n i n g , i s the f a c t o r govern ing system r e l i a b i l i t y . A f u r t h e r i r o n y 
s t e m s f r o m t h e f a c t t h a t , when s o f t w a r e i s d e v e l o p e d t o r e p l a c e c e r t a i n 
o p e r a t o r f u n c t i o n s , t h i s s o f t w a r e i t s e l f t e n d s t o c r e a t e u n c e r t a i n t i e s 
wh ich a r e more d i f f i c u l t t o c o n t r o l because they a re l e s s " v i s i b l e " . 
The h i s t o r i c a l development o f manual to au tomat i c c o n t r o l o f s h o p f l o o r 
machines t h e r e f o r e has an impor tan t consequence f o r the o v e r a l l e f f i c i e n c y 
o f p r o d u c t i o n s y s t e m s . In a l l r e a l i s a b l e s y s t e m s t h e r e w i l l be some 
u n d e s i r a b l e d i s t u r b a n c e o r n o i s e which may en ter the system a t one o r more 
p o i n t s d u r i n g t h e p r o d u c t i o n p r o c e s s (e .g . poo r c a s t i n g s , worn t o o l i n g ) . 
These d i s t u r b a n c e s can be e l i m i n a t e d i n one of th ree ways. 
1 . Remove a l l d i s t u rbances a t s o u r c e (e .g . r e j e c t a l l s u b - s t a n d a r d 
m a t e r i a l s be fore they go on the shop f l oo r ) . 
2 . P r e d i c t a l l p o s s i b l e d i s t u r b a n c e s and d e v e l o p s o f t w a r e and 
hardware mechanisms t o c o n t r o l them. 
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3. U t i l i se a sk i l l ed operator who, with an almost completely open-
ended repertoire of s k i l l s and behaviour, w i l l drive the production system 
to i t s goal despite unforeseen disturbances. 
Tie predominant trend in engineering design, fuelled by the dream of 
the "people-less" factory, i s to take the second option. This trend stems 
from a techrology centred or ' technocentr ic ' approach to technolog ica l 
design. 
The development of s o l i d model l ing in CAD systems, which permits 
s imulated metal cu t t ing and the d i r e c t generation of part programs from 
geometric data , i s widely heralded as an important key to the success of 
this strategy. However, the fa i lure to design and develop a "people-less" 
factory at the present time bears witness to the complexities (and expense) 
involved in pursuing the tota l ly predictable (reliable) production system. 
Indeed- many commentators are now fos te r ing the b e l i e f that , as the 
complex i t ies of production technology increase , the r o l e of the human 
operator w i l l become more, rather than less , important for e f f ic ient system 
functioning. In this view the design of operator jobs becomes a c r i t i c a l 
factor for system r e l i a b i l i t y . 
A ' technocentr ic ' approach to des ign , therefore , overlooks two 
factors. F i r s t l y , that designer errors can be a major source of operating 
problems, and secondly, the designer who t r ies to eliminate the operator 
s t i l l leaves the operator to do the tasks which the designer cannot think 
how to automate. 
The legacy of 'technocentric' design can be stated as follows: Having 
fragmented the job of the New Production System operator and removed a 
large part of h i s / h e r s k i l l e d cont ro l of the system, the designer then 
r e l i e s on him or her to d e a l w i th a l l un foreseen (unprogrammed) 
d isturbances. However, a techn ica l system that does not provide the 
experience out of which operating s k i l l s can develop w i l l be vulnerable in 
those circumstances where human intervention becomes necessary. 
Take, for example, the D i rect Numerical ly Contro l led (DNC) machine 
tool which i s a bas ic bu i ld ing block of second and t h i r d generation 
'technocentric' systems. Here, almost a l l uncertainty and discriminatory 
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choice i s removed from the operator because the program that controls a l l 
the machine funct ions i s wr i t ten away from the machine by an o f f i c e 
programmer. The high cost of such machines and the subsequent high value 
of the finished product are such that i t i s important to keep the machine 
running and to avoid scrappage. As v i r t u a l l y a l l disturbance occurs at 
the machine (Corbett, 1985) the operator sometimes has to overr ide the 
program. But a DNC lathe i s designed p r i m a r i l y as a machine-workpiece 
system rather than a human-machine system and i t i s more d i f f i c u l t to avoid 
making control errors because shopf loor in tervent ion was not e x p l i c i t l y 
designed for . 
( i i ) New Production Technology and the Design of Jobs 
Whereas tradit ional manual and semi-automatic production technologies 
enabled manual s k i l l s to be incorporated into the design of machines, the 
development of the d i g i t a l computer and the microprocessor enables human 
cogni t ive and decis ion-making s k i l l s to be complemented or replaced by 
machines. It i s the h is tor ica l trend towards this incorporation of human 
manual and cognitive s k i l l s into machines which i s equated, by many writers 
(e.g. Braverman, 1974), w i t h the h i s t o r i c a l tendency towards the 
simpl i f icat ion and fragmentation of manufacturing shopfloor jobs. 
Empirical research on the impact of new production technology on the 
design of jobs has not lent support to t h i s d e s k i l l i n g theory, but i t i s 
impor tan t to note tha t s t u d i e s which o f f e r c o u n t e r e v i d e n c e a re 
predominantly case studies of jobs with stand-alone CNC machine t o o l s . 
Although CNC machines are the bas ic bu i ld ing blocks of new product ion 
systems, they are not integrated together by computer control systems or 
automatic materials handling machines as are the next generation FMS and 
CAD/CAM s y s t e m s . Hence the CNC case s t u d i e s "are a l l s a m p l i n g 
organisations/firms at a particular h is tor ica l point, one in which the form 
of the technology has not been c losed o f f by a ser ies of dec is ions and 
technical developments which, in combination, constitute sunk costs such 
that unwinding them, making a se r ies of d i f f e r e n t cho ices , becomes an 
impossible cost burden" (L i t t le r , 1983: 144). 
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There i s growing awareness that the designers of the second and th i rd 
generation technical system designers are the job designers of the future 
and there i s therefore an urgent need for occupational psychologists and 
other personnel experts to become involved in the design of such systems at 
the ear l iest possible stage. 
There are two d is t inct options open to systems designers at this point 
in time. One which is currently dominating design thinking can be termed 
the ' technocentr ic ' approach to design. In th is perspect ive , the aim of 
automation i s to displace human s k i l l and place i t within the technology. 
Typical ly, the al location of functions between human and machine is based 
on the idea of comparability - functional requirements being realised with 
respect to the technological stage of the art , where the human takes over 
those funct ions that are not yet solved. But, as Rasmussen (1979) has 
argued, "The fac t that a l l con t ro l funct ions which can be fo rma l l y 
described also can be automated by means of computers, leads to the danger 
that the r o l e of the system operator w i l l be to plug the gaps in the 
thoroughness of the designer 's work. On the one hand, as a convenient, 
movable manipulator, he w i l l have a category of t r i v i a l , infrequent actions 
for which automation i s unfeasible; on the other hand, as an inte l l igent 
data processor he w i l l be expected to respond to i l l - s t r u c t u r e d and 
unforeseen tasks" (p.2). 
The impact of 'technocentric' production technology on the design of 
jobs is one in which human operators are increasingly becoming subordinate 
to machines: humans become passive as machinery takes a more ac t i ve 
c o n t r o l l i n g ro le in the production process. The development of ' F i f t h 
Generation' Intell igent Knowledge Based Systems (IKBS) enables this impact 
to be a l l the more pervasive. 
In the occupat ional psychology l i t e r a t u r e there i s now mounting 
evidence that t h i s automation of d isc re t ionary s k i l l s t r a d i t i o n a l l y 
exercised by manufacturing shopfloor personnel has a detrimental effect on 
both the p h y s i c a l and mental health of these personnel (e.g. Karasek, 
1979). Furthermore, research in cognit ive and developmental psychology 
suggests that thi loss of control that is experienced by many operators of 
second and t h i r d gene ration production systems may wel l s p i l l over in to 
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t h e i r home a n d s o c i a l l i v e s t o c r e a t e a s t a t e a k i n t o ' l e a r n e d 
h e l p l e s s n e s s • . 
The a l t e r n a t i v e , ' an th ropocen t r i c ' approach to systems des ign r e j e c t s 
the i d e a o f human-machine c o m p a r a b i l i t y and focuses i n s t e a d on how they may 
complement each o the r . The computer and the human mind have d i f f e r e n t but 
c o m p l e m e n t a r y a b i l i t i e s . The compu te r e x c e l s i n a n a l y s i s and 'number 
c r u n c h i n g ' c o m p u t a t i o n , w h i l s t t h e human m i n d e x c e l s i n p a t t e r n 
r e c o g n i t i o n , s y n t h e s i s and i n t u i t i v e r e a s o n i n g . By c o m b i n i n g t h e s e 
d i f f e r e n t a b i l i t i e s i n t e c h n o l o g i c a l des ign i t i s p o s s i b l e f o r humans and 
machines t o he lp each o the r ach ieve an e f f e c t o f which each i s s e p a r a t e l y 
i n c a p a b l e . I t i s t o t h i s endeavou r t h a t t h e human s c i e n c e s need t o 
c o n t r i b u t e t h r o u g h i n v o l v e m e n t i n t e c h n o l o g i c a l d e s i g n . P r e s e n t and 
f u t u r e s t r a t e g i e s f o r t h i s endeavour a re d i s c u s s e d l a t e r i n the paper . 
( i i i ) The Design of App rop r i a te Human Machine I n t e r f a c e s 
One o f t h e p r o b l e m s a s s o c i a t e d w i t h ' t e c h n o l o g y - c e n t r e d ' systems i s 
t ha t t h e i r o p e r a t i o n o f t e n r e q u i r e s s k i l l s t ha t a re u n r e l a t e d t o e x i s t i n g 
s k i l l s , w i t h t h e r e s u l t a n t p r o b l e m s o f poo r t r a n s f e r o f t r a i n i n g and t h e 
u n d e r - u t i l i s a t i o n o f t h e r i c h seam o f m a c h i n i n g s k i l l s t o be f ound i n 
Europe. 
The d e v e l o p m e n t o f CNC t e c h n o l o g y has p r o d u c e d a s h i f t i n d e c i s i o n 
competence f rom human t o machine, whereby the opera to r o f a machine t o o l , 
f o r e x a m p l e , i s n o t a l o n e i n t h e c o n t r o l o f t h e m a c h i n e b u t , o w i n g t o t he 
d e c i s i o n s and c h o i c e s taken by the des igner and s t o r e d i n the computer , he 
o r she i s now f o r c e d t o co -opera te i n t i m a t e l y w i t h the d e s i g n e r . 
The number o f d e s i g n d e c i s i o n s and c h o i c e s open t o t h e d e s i g n e r i s 
a l m o s t i n f i n i t e , b u t r e s e a r c h i n t h e f i e l d o f e r g o n o m i c s p o i n t s t o t h r e e 
key c h o i c e p o i n t s i n d e s i g n which have the most impact on ope ra to r s k i l l 
and c o n t r o l . These a r e : 
1. the a l l o c a t i o n o f f u n c t i o n between human and machine, 
2 . the c o n t r o l c h a r a c t e r i s t i c s o f the human-machine i n t e r f a c e , and 
3 . the i n f o r m a t i o n a l c h a r a c t e r i s t i c s o f the human-machine i n t e r f a c e . 
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W i t h r e g a r d t o t h e f i r s t o f t h e s e c h o i c e p o i n t s - t h e a l l o c a t i o n o f 
f u n c t i o n s - e rgonomis ts s t r e s s t h a t the re a re cho i ces over what humans do 
and o v e r what m a c h i n e s do i n any a u t o m a t e d s y s t e m . The c o n v e n t i o n a l 
' t e c h n o c e n t r i c ' a p p r o a c h t o t h i s c h o i c e i s t o l e a v e t h e o p e r a t o r s o n l y 
t h o s e t a s k s w h i c h c a n n o t be a u t o m a t e d . The i r o n y o f t h i s a p p r o a c h has 
been d i s c u s s e d i n the p rev ious s e c t i o n . 
T h i s a p p r o a c h t o t h e a l l o c a t i o n o f f u n c t i o n s t y p i c a l l y l e a d s t o t h e 
c o n c e n t r a t i o n of opera to r t asks i n mon i t o r i ng and e r r o r recovery f u n c t i o n s . 
Where an au tomat i c c o n t r o l system has been put i n because i t can do the job 
b e t t e r t han an o p e r a t o r , t h e o p e r a t o r i s a l s o a s k e d t o m o n i t o r t h a t i t i s 
work ing e f f e c t i v e l y . In complex modes of ope ra t i on the opera tor w i l l need 
t o know what t h e c o r r e c t b e h a v i o u r o f t h e p r o d u c t i o n s y s t e m s h o u l d be . 
Such k n o w l e d g e r e q u i r e s e i t h e r s p e c i a l t r a i n i n g o r s p e c i a l i n f o r m a t i o n 
d i s p l a y s . 
The a l t e r n a t i v e ' a n t h r o p o c e n t r i c ' a p p r o a c h t o f u n c t i o n a l l o c a t i o n 
needs to be based on the i dea o f human-machine complementar i t y as d i s c u s s e d 
above. 
A second key c h o i c e p o i n t i n t e c h n o l o g i c a l des ign concerns the c o n t r o l 
c h a r a c t e r i s t i c s o f the human-mach ine i n t e r f a c e . D e s i g n d e c i s i o n s h e r e 
c o n c e r n how t h e c o n t r o l o f t h e p r o d u c t i o n s y s t e m i s t o be s h a r e d be tween 
human and machine. For example, CNC machine t o o l c o n t r o l so f tware can be 
des igned to enable opera to rs to i n t e r r o g a t e da ta bases i n o rder f o r them t o 
f a k e i m p o r t a n t c o n t r o l l i n g d e c i s i o n s (such as d e t e r m i n i n g t o o l p a t h 
geome t r i c , work schedu l i ng and pac ing) . On the o ther hand, the so f twa re 
may con ta i n complex a l g o r i t h m s which enable the computer t o take a l l the 
c o n t r o l l i n g d e c i s i o n s , thereby r e s t r i c t i n g the ope ra to r ' s r o l e t o t ha t o f 
machine m ind ing . 
Rosenbrock sees two paths open t o des igne rs i n respec t o f the c o n t r o l 
c h a r a c t e r i s t i c s of New Produc t ion Systems techno logy , cor respond ing to the 
' a n t h r o p o c e n t r i c ' and ' t e c h n o c e n t r i c ' d i s t i n c t i o n made above. Us ing the 
example o f Computer A ided Design (CAD) techno logy, Rosenbrock d e s c r i b e s one 
a p p r o a c h ( the ' a n t h r o p o c e n t r i c ' ) a s i n v o l v i n g the acceptance of the s k i l l 
and knowledge o f the des igner and a t tempt ing to g i v e the des igner improved 
tecihniques and f a c i l i t i e s f o r express ing tha t s k i l l and knowledge. Such a 
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system would amount t o a t r u l y i n t e r a c t i v e use of computer techno logy t h a t 
a l l o w s the ve ry d i f f e r e n t c a p a b i l i t i e s o f the computer and the human mind 
t o i n t e r a c t t o t h e f u l l . The a l t e r n a t i v e , ' t e c h n o c e n t r i c ' a p p r o a c h , t o 
t h i s i s " to s u b - d i v i d e and c o d i f y the e x i s t i n g des ign process i n c o r p o r a t i n g 
the knowledge o f the e x i s t i n g des igne rs so as to reduce i t t o a sequence o f 
s i m p l e c h o i c e s " ( R o s e n b r o c k , 1977) . The ' a n t h r o p o c e n t r i c ' a p p r o a c h 
t h e r e f o r e p l a c e s t h e human i n c o n t r o l o f t he s y s t e m , whe reas t h e 
' t e c h n o c e n t r i c ' approach reve rses t h i s and l eaves the human subord ina te to 
the sys tem. 
The t h i r d k e y c h o i c e p o i n t i n s y s t e m s d e s i g n c o n c e r n s t h e 
i n f o r m a t i o n a l c h a r a c t e r i s t i c s o f t h e human-mach ine i n t e r f a c e . The 
i n v i s i b i l i t y o f many so f twa re f u n c t i o n s i n complex p roduc t ion systems means 
t h a t t h e o p e r a t o r s mus t r e l y h e a v i l y on i n f o r m a t i o n and d a t a - h a t i s 
t r a n s m i t t e d o r g e n e r a t e d by c o m p u t e r i n o r d e r t o s t r u c t u r e t h e i r work 
behav iour . So f tware wh ich o n l y p resen ts m a c h i n e - s p e c i f i c i n f o r m a t i o n t o 
an o p e r a t o r i n t h e e v e n t o f s y s t e m m a l f u n c t i o n , f o r i n s t a n c e , w i l l n o t 
enab le the opera to r t o see the o v e r a l l consequences of h i s o r her a c t i o n s 
f o r o v e r a l l system per formance. R e s t r i c t i n g i n f o r m a t i o n i n t h i s mat te r 
i n e v i t a b l y r e s t r i c t s o p e r a t o r c o n t r o l a s one can n e v e r f u l l y c o n t r o l a 
system w i thou t unders tand ing i t . 
The i n t e r a c t i o n be tween human and compu te r may t h u s be v i e w e d as a 
s o c i a l i n t e r a c t i o n be tween o p e r a t o r and d e s i g n e r , i n w h i c h t h e d e s i g n e r 
p r e d e f i n e s t h e s i t u a t i o n t h r o u g h t h e t y p e and scope o f t h e i n f o r m a t i o n 
g i v e n t o the opera to r . Because o f t h i s , the des igner has a f u r t h e r means 
t o r e s t r i c t o r enhance ope ra to rs ' c o n t r o l of a p roduc t ion sys tem. One has 
on l y t o r e c a l l M i l g ram 's (1974) d i c t u m : "Con t ro l the manner i n wh ich a man 
i n t e r p r e t s the w o r l d , and you have gone a long way toward c o n t r o l l i n g h i s 
b e h a v i o u r " . 
An opera to r w i l l c n l y be a b l e to generate s u c c e s s f u l new s t r a t e g i e s to 
c o n t r o l d i s tu rbances i f s /he has an adequate knowledge o f the p roduc t i on 
s y s t e m f u n c t i o n i n g d u r i n g t h e p r o d u c t i o n p r o c e s s . B a i n b r i d g e (1983) 
p o i n t s out two problems t h i s c r e a t e s f o r 'machine-minding ' o p e r a t o r s . One 
i s t h a t e f f e c t i v e r e t r i e v a l o f knowledge from long - te rm memory depends on 
f requency o f use. The o the r i s t ha t t h i s type of knowledge deve lops on l y 
through use and feedback about i t s e f f e c t i v e n e s s . T h e o r e t i c a l knowledge 
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of a production system i s not enough - even relat ively simple 'unskil led' 
production work requi res the v i t a l input and use of operators ' t a c i t 
knowledge and s k i l l s (Kusterer, 1978). 
The relationship between the three key design choice points discussed 
above and the design of shopfloor work may be summarised as in the tab le 
below. T h i s t a b l e compares ' technocent r ic ' and 'anthropocentr ic ' 
approaches to the design of New Production technology. This table 
i l lust ra tes that the design of an 'anthropocentric' human-machine interface 
involves both software and hardware considerations. 
DESIGN CHOICE : TECHNCCEtiTRIC : ANTTHROPOCENT'RIC 
P)INT : DESIGN : DESIGN 
Allocation of : Humans do that which can : Machines do that which is 
functions : not be automated. : routine and uncreative. 
: Choice determined by Choice determined by 
: analysis of human- : analysis of human-
: machine comparability. : machine complementarity. 
: Rigid al location of Flexible al locat ion of 
: functions. functions. 
Control : Computer in control of : Human in control of machine 
characterist ics : machines through the use : through the use of varied 
of human-machine : of formalised programmed : repertoire of sk i l l ed 
interface : actions and strategies. : actions and strategies. 
: Human limited to : Computer l imited to 
: monitoring and error : decision support functions, 
: recovery tasks. : such as simulation of 
alternative strategies. 
Informational : Information exchange : Information exchange 
characteristics : restricted by design. : maximised by design. 
of human-machine : Predominance of VDU as : Tacit knowledge and s k i l l s 
interface : medium of interaction. a fundamental aspect of 
interaction. 
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3. Strategic Options for Research and Development 
G i v e n t h e t e c h n i c a l and s o c i a l a d v a n t a g e s o f ' a n t h r o p o c e n t r i c ' New 
P roduc t i on Systems techno logy , the re a re now two main areas o f R & D t ha t 
need t o be a d d r e s s e d . F i r s t l y , t h e r e i s a g r o w i n g need f o r t h e s e 
a d v a n t a g e s t o be c o m m u n i c a t e d t o e n g i n e e r i n g d e s i g n e r s , p r o d u c t i o n 
e n g i n e e r s and o r g a n i s a t i o n a l d e c i s i o n - m a k e r s . A l though the i n t r a n s i g e n t 
conserva t i sm o f many of these job ho lders i s , undoubtedly , one f a c t o r which 
h a s c o n t r i b u t e d t o t h e p r e s e n t f a i l u r e o f s u c h a c o m m u n i c a t i o n , 
o r g a n i s a t i o n a l and o c c u p a t i o n a l s c i e n t i s t s themselves must shou lder some of 
the blame. 
A t p r e s e n t i n t h e UK, and o t h e r Eu ropean c o u n t r i e s , t h e r e i s l i t t l e 
s o c i a l s c i ence resea rch t a k i n g p l a c e i n t o the human and s o c i a l aspec ts o f 
New Produc t ion System technology. Th i s i s p robab ly due to th ree i n t e r -
r e l a t e d f a c t o r s , namely a shor tage of fund ing f o r s o c i a l s c i ence r e s e a r c h 
g e n e r a l l y , t h e l a c k o f r e c o g n i t i o n amongs t s o c i a l s c i e n t i s t s o f i t s 
impor tance, and a shor tage of s k i l l s i n t h i s a rea . 
W i t h i n i n d i v i d u a l c o n p a n i e s , t h e p i c t u r e i s s c a r c e l y any b e t t e r . 
Many e n g i n e e r s a r e l o a t h t o adop t more o r g a n i s a t i o n a l and p s y c h o l o g i c a l 
v i e w s i n t h e i r w o r k , e s p e c i a l l y when t h e s e e x t e n d t o a r e a s w h i c h a r e 
d i f f i c u l t t o q u a n t i f y . A t the same t i m e , o the r p r o f e s s i o n a l g roups, such 
as l i n e m a n a g e r s , g e n e r a l managers and p e r s o n n e l / i n d u s t r i a l r e l a t i o n s 
s p e c i a l i s t s , a r e r e l u c t a n t t o adop t a more p r o a c t i v e r o l e i n t h e d e s i g n , 
d e v e l o p m e n t and i m p l e m e n t a t i o n o f t e c h n o l o g y , p r e f e r r i n g to l eave these 
i s s u e s t o the t e c h n i c a l s p e c i a l i s t s . S i m i l a r l y , even tua l users and t h e i r 
r e p r e s e n t a t i v e s r a r e l y put: t h e s e i t e m s h i g h on t h e i r a g e n d a s , p e r h a p s 
because t h e i r i n t e r e s t i n new technology i s dominated by whether or not i t 
a f f e c t s t h e i r job s e c u r i t y and job p rospec ts . 
The second a r e a o f R & D t h a t needs t o be a d d r e s s e d i s t h e need f o r 
t h e ' a n t h r o p o m e t r i c ' p e r s p e c t i v e t o s h i f t f r o m i t s t h e o r e t i c a l and 
p h i l o s o p h i c a l c r i t i q u e of cu r ren t p r a c t i c e , towards a more p r a c t i c a l and 
p r o a c t i v e r o l e i n t e c h n o l o g i c a l p rogress . One of the most p roduc t i ve ways 
o f m a k i n g t h i s s h i f t may be t h r o u g h t h e d e s i g n , d e v e l o p m e n t a n d 
i m p l e m e n t a t i o n o f a l t e r n a t i v e ' a n t h r o p o c e n t r i c ' t e c h n o l o g y i n t h e ' r e a l 
Schultz-Wild (1987): Transformation Conditions of Future Factory Structures: Technology, Organization, Education and 
Vocational Training
world 1 of manufacturing. Through the implementation of exemplary 
'anthropocentr ic ' systems, the benef i ts of such technology can be 
demonstrated to a l l . 
Such a s h i f t w i l l not be made without d i f f i c u l t i e s , and there i s 
therefore an urgent need for research and development into the process of 
designing these a l t e rna t i ve systems. Rhetor ic needs to be backed up by 
constructive example. 
Proactive Research and Development Work 
This method of working involves the e x p l i c i t considerat ion of the 
human aspects of New Production technology from the beginning of design. 
Whi lst work s c i e n t i s t s have had very l i t t l e involvement in work of t h i s 
kind, some notable efforts have been made in some areas and v i r tua l ly none 
in others. Some examples are offered below. 
Collaborative Design Methods 
Overa l l research in tc designing 'anthropocentr ic ' New Production 
Systems i s on a minute sca le compared to the amount of research being 
c a r r i e d out on the i r ' technocentr ic ' counterparts. There are , however, 
notable attempts to develop collaborative design methods, which need to be 
developed and extended. [Recommendation 5.1]. 
A pioneering example i s the UTOPIA pro ject which was based at the 
Swedish Centre for the Quality of Working L i fe in Stockholm (Ehn, Kyng and 
Sundblad, 1982). UTOPIA i;; an acronym in the Scandinavian languages for 
T ra in ing , Technology and Products from the Qual i ty of Work Perspect ive . 
This pro ject involved the design of powerful computer-based too ls fo r 
sk i l led graphic workers in the newspaper industry, and u t i l i sed a radical 
new approach to the design process. This approach was e s s e n t i a l l y 
experimental and involved experienced end-users, i .e. s k i l l e d graphic 
workers, in the design process. The emphasis was on 'designing by doing' 
using mock-ups and rapid prototyping. 
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I n t h e U.K. , t h e b e s t 'cnown e x a m p l e o f t h i s k i n d o f p r o a c t i v e R & D 
work i s t h a t based a t the U n i v e r s i t y o f Manchester I n s t i t u t e o f Sc ience and 
T e c h n o l o g y (UMIST) under t h e l e a d e r s h i p o f R o s e n b r o c k (1983) . T h i s 
p r o j e c t i n v o l v e d t h e d e v e l o p m e n t o f a f l e x i b l e m a n u f a c t u r i n g s y s t e m i n 
wh ich opera to rs a re not subord ina te to machine, a l though i n p r a c t i c e much 
of the work focused on deve lop ing human-centred so f twa re f o r a CNC l a t h e . 
T h i s wcrk i s now be ing extended by fund ing f rom ESPRIT t o i nco rpo ra te the 
w i d e r f i e l d o f Compu te r I n t e g r a t e d M a n u f a c t u r i n g s y s t e m s . As i n t h e 
UTOPIA o r o j e c t , the resea rch team under tak ing t h i s work compr ised work and 
s o c i a l s c i e n t i s t s c o l l a b o r a t i n g w i t h computer s c i e n t i s t s , s k i l l e d workers 
and eng inee rs . 
E x p e r i e n c e s w i t h i n t h e s e p r o j e c t s s u g g e s t t h a t s o c i a l s c i e n t i s t s 
s h o u l d n o t c o n c e n t r a t e s o l e l y on t h e d r a w i n g up o f h u m a n - c e n t r e d work 
des ign c r i t e r i a i n the hope t h a t eng ineers can and w i l l use them i n the way 
t h a t i s d e s i r e d . Des ign is. not mere ly the a p p l i c a t i o n and t r a d i n g - o f f o f 
des ign c r i t e r i a : i n t u i t i o n and a e s t h e t i c c o n s i d e r a t i o n s p l a y an impor tan t 
r o l e i r t h e d e s i g n p r o c e s s . A c c o r d i n g l y , t h e use o f s c e n a r i o s , r a p i d 
p r o t o t / p i n g a n d d e s i g n m o c k - u p s may p r o v e p a r t i c u l a r l y u s e f u l i n 
c o u n t e r a c t i n g t h e d o m i n a n t t e c h n o l o g y - c e n t r e d a p p r o a c h t o e n g i n e e r i n g 
d e s i g n . 
C o n t r o l System Design 
The f i e l d o f human f a c c o r s eng ineer ing (ergonomics) p o t e n t i a l l y has a 
major i npu t t o make to ' an th ropocen t r i c ' c o n t r o l system d e s i g n , bu t , a t the 
p resen t t i m e , the predominant emphasis i n ergonomics r e s e a r c h has been a t 
t h e i n f o r m a t i o n a l l e v e l o f s y s t e m s d e s i g n ( the t h i r d k e y d e s i g n c h o i c e 
p o i n t i d e n t i f i e d i n the p rev ious s e c t i o n ) . The output f rom such work i s 
'user f r i e n d l y ' so f twa re and i t i s r a r e t ha t the more fundamenta l c o n t r o l 
aspec ts o f the human-machina i n t e r f a c e a r e s tud ied . I t i s a l s o u n l i k e l y 
t h a t s u c h r e s e a r c h w i l l be funded f r om t h e n o r m a l human f a c t o r s f u n d i n g 
b o d i e s . Hence R & D work on t h e c o n t r o l a s p e c t s o f human-mach ine 
i n t e r a c t i o n , s u c h as t h e d i r e c t m a n i p u l a t i o n o f New P r o d u c t i o n S y s t e m 
m a c h i n e r y , has p r o g r e s s e d l i t t l e s i n c e t h e p i o n e e r i n g work on R e c o r d -
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P l a y b a c k m a c h i n e t o o l s c o n t r o l s y s t e m s and a n a l o g i c p a r t p r o g r a m m i n g 
t e c h n i q u e s a t the M.I.T. 
R & D work on t h e d e s i g n o f c o n t r o l s y s t e m t e c h n o l o g y i s i m p o r t a n t 
b e c a u s e , a l t h o u g h CNC m a c h i n e t o o l s g e n e r a l l y have some p r o v i s i o n f o r 
s h o p f l o o r p a r t programming end e d i t i n g , the development o f DNC i s l i a b l e t o 
push these f u n c t i o n s back t o the o f f i c e (as they were w i t h N O . T h i s push 
w i l l r e c e i v e f u r t h e r impetus as CAD s o l i d m o d e l l i n g techn iques a r e r e f i n e d 
and developed. [Recxxnmenctition 5.2]. 
In fo rmat ion System Design 
The h i g h l y i n t e g r a t e d systems a r c h i t e c t u r e s a s s o c i a t e d w i t h FMS and 
CIM t echno l og i es n e c e s s i t a t e r e s e a r c h e f f o r t i n t h e a r e a o f d i s t r i b u t i v e 
i n f o r m a t i o n networks as welJ as d e c e n t r a l i s e d c o n t r o l systems (q.v. chap te r 
by Gunter Lay) . We have a l r e a d y s t r e s s e d the impact o f sys tem c o m p l e x i t y 
o n t h e d e s i g n o f s h o p f l o o r w o r k , a n d i t s e e m s l i k e l y t h a t a 
d e c e n t r a l i s a t i o n o f i n f o r m a t i o n and c o n t r o l w i l l be a c r u c i a l e lement i n 
the u s a b i l i t y and f l e x i b i l i t y o f New Produc t i on Systems. 
The UMIST p r o j e c t i l l u s t r a t e s how i n f o r m a t i o n tha t has t r a d i t i o n a l l y 
been k e p t i n t h e hands o f t h e p r o d u c t i o n d e p a r t m e n t may be p r e s e n t e d t o 
s h o p f l o o r pe rsonne l v i a t e r m i n a l s l o c a t e d a t the machines i n a way t ha t i s 
compa t i b l e w i t h t r a d i t i o n a l machin ing s k i l l s and d e c i s i o n making. In t h i s 
example , the emphasis was on i n f o r m a t i o n concern ing the d e t e r m i n a t i o n o f 
c u t t i n g parameters and sequences, but the re seems t o be no reason why t h i s 
p r i n c i p l e shou ld not be extended t o i n c l u d e i n f o r m a t i o n on o v e r a l l system 
p e r f o r m a n c e , t a r g e t s , s c h e d u l i n g p r i o r i t i e s , t o o l p a t h g e o m e t r y and s o 
f o r t h . [Recommendation 5.3]. 
The d e v e l o p m e n t o f e x p e r t s y s t e m s and a r t i f i c i a l i n t e l l i g e n c e 
techn iques i s another c r u c i a l e lement i n the des ign o f f u t u r e p roduc t i on 
sys tems. The announcement f rom Japan of the F i f t h Genera t ion i n i t i a t i v e 
c r e a t e d ¿1 response i n Europe based on the pe rce i ved need t o compete, r a t h e r 
t h a n a c r i t i c a l e v a l u a t i o n o f whe the r s u c h t e c h n o l o g y was s u i t a b l e f o r 
Eu ropean n e e d s . C e r t a i n l y , i n t h e m a n u f a c t u r i n g a r e n a , much o f J a p a n ' s 
New P r o d u c t i o n S y s t e m s t e c h n o l o g y i s d e s i g n e d t o i n c o r p o r a t e human 
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machining s k i l l s because of the chronic shortage of s k i l l e d craftsmen. 
Europe, on the other hand, has a wealth of craft experience and expertise 
to tap. It makes sound economic sense for technology to be developed in 
Europe which allows this important human resource to be expressed and not 
displaced. 
Design of human-machine dialogue structures 
The c o n t i n u i n g t r e n d i n ' t e c h n o c e n t r i c ' d e s i g n towards the 
centralisation of programming ac t iv i t ies means that very l i t t l e research 
and development effort has baen concentrated on the design of human-machine 
dialogue structures for shopfloor programming and decision-making. Many 
such designs impose a fixed sequence of actions and strategies on the user 
which may be inappropr iate to cater for a c t u a l , rather than normative, 
production demands. 
Work on direct object manipulation and on user-definable macros offers 
encouraging signs that f l e x i b l e and r e l i a b l e dialogue s t ructures can be 
designed which a l low s k i l l e d machinists to fo l low t h e i r own pre fer red 
methods and sequence of working. [Recommendation 5.4]. 
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RECOMMENDATIONS P. Brbdner: Recommendations for Human Centred Options 
in Computer Integrated Manufacturing 
LEVEL. ONE:: OPTIONS FOR CIM 
1. Profoundly changed market requirements due to the sh i f t from steady 
expansion to tendencial stagnation have a strong impact on production 
processes. While adapting them, the spec i f i c condit ions, strengths 
and weaknesses of the European indust r ia l structures must be con-
s idered. They indicate that future manuf ctur ing technology, work 
organization and s k i l l p ro f i l es have to be < eveloped according to the 
requirements of " f l ex ib le spec ia l i za t ion" or "d ive rs i f i ed qual i ty 
production", whe\*e Europe appears to be super ior . Instead of merely 
imitat ing Japanese production systems, i t is a question of survival 
for the European industry to develop i t s own manufacturing technology 
suited to i t s s p e c i f i c conditions and needs. 
2. In order to make productive use of human s k i l l s and to e f f i c i e n t l y 
organize production along the l ines of " f l e x i b l e s p e c i a l i z a t i o n " , 
group technology pr inc ip les - i . e . grouping parts in fami l i es , 
grouping machinery and personnel for complete manufacture or design 
of these fami l i es , integrat ing design, planning and cont ro l l ing tasks 
with operating - have to be applied to the shop f loor and the techni -
ca l o f f i c e . In th is context integrated computer assistance has to be 
implemented in a new way, however. Instead of concreting and incor-
porating almost a l l knowledge and the sequences of work as far as pos-
s i b l e in the computer system, in this case the computer serves as a 
general, actual and consistent information system also performing 
routine operations, leaving the planning of working actions to the 
workers' and designers ' s k i l l s . 
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Work design - i . e . the determination of the d i v i s i o n of labour, of 
the a l l o c a t i o n of functions between human and machine and of the 
modes of human-machine in teract ion - has to be done in such a way, 
that in the working s i tuat ion a wide margin of act ion is being pre-
served leaving i n i t i a t i v e , evaluation and decisions up to the worker, 
and that his work comprehends planning and executing tasks. So that 
i n this s i tua t ion the computer can be used as a too l , i t s functions 
and i t s behaviour have to be completely transparent. P a r t i c u l a r l y , 
i t s reactions have to be s e l f explaining and adapted to the actual 
working s i t u a t i o n . In interact ion i t i s extremely important that the 
worker can perceive the connection between h is own intent ion or 
ac t ion and the ef fects i t produces. 
Accordingly , an appropriate user surface of the technical equipment 
i s needed. The human-machine in teract ion therefore has to be designed 
in a way that i t i s 
- transparent ani s e l f explaining 
(by use of d i ract object manipulation), 
- adjustable to d i f ferent degrees of user 's experience 
(presenting f l e x i b l e dialogue procedures), 
- r e l i a b l e ( fol lowing the pr inc ip le 
"what you see :.s what you have got") . 
There are manifold resistances against change resul t ing from the hard-
ware and softwara i n s t a l l e d , the s o c i a l system with i t s posit ions and 
p r i v i l e g e s , the indust r ia l re la t ions , and the preva i l ing ideology. 
Therefore, the t rans i t ion to new production systems can only be 
achieved, i f , f i r s t , the t rad i t iona l thinking that the replacement of 
humans by machines be the only improvement of production i s sur-
mounted by thorough analysis and assessment of a l ternat ive production 
concepts, and i f , second, a st rategic plan for the t rans i t ion com-
p r i s i n g the development of work organizat ion, e k i l l p r o f i l e s and tech-
nology is worked out, bargained between and agreed upon by a l l 
in terest groups af fected. 
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M. Corbett 
Recxmnendaticais for R & D Action in Hman-MacJxLne Interface Design 
Research into alternative design methods involving the incorporation 
of human and social factors right from the beginning of design, and 
not only at the implementation stage (as at present). Mechanisms 
whereby end-users and their representative bodies can col laborate 
with design engineers require particular study. Such mechanisms may 
include the use of scenarios, design 'mock-ups', rapid prototyping 
and 'brainstorming 1. 
R & D work on the construction of technological control systems which 
enable the user to use his or her s k i l l s and allow them to develop. 
These s k i l l s include both manual and decision-making components. 
Ways in which software may be used to support human decision-making, 
through the u t i l i s a t i o n of simulat ion and fast feedback, merit 
particular attention. 
Research into the design of information displays and in teract ive 
graphics which enable ski l led craftspersons to see and understand the 
workings of the overall system. The should be interactive, and part 
of a l a t e r a l (as opposed to h ierarchical ) information network to 
maximise shopfloor intervention and involvement. 
Research into the design and use of human-computer/human-machine 
dialogue structures which do not impose a fixed, sequential method of 
data exchange between human and computer/machine, but allow the user 
to follow his or her own methods of working. Work on direct object 
manipulation and user-definable macros appears to be the most 
promising approach to this problem. 
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Recommendations 
9. - The architecture of the computer system in CT should not be a mainframe 
concept. Decentralized computers linked in a ..ocal area network bring a 
lot of advantages for the people working with the system. Some of these 
are the possibi l i ty of ta i lor the decentralized computers exactly to the 
needs of the different users, the shorter times of computer reaction, the 
independence from central computer maintenance staff, e t c 
10. - The data base in CE4 concepts that is created, administrated, distributed 
and used by different departments in the firm;; should have only one for-
mat. If this i s not the case, there is the necessity for processing the 
data structures so that the data created in one department can be used in 
another. Such processing hinders ccmrrunication in C M . By processing of 
data structures the technical concept often creates one-way connections 
between the CM components. That means the people working with the CM 
components in the individual departments have closer limitations for de-
cision making. 
11. - T h e different component;; of C M , that is the software modules for d i f fe r -
ent tasks in C M , should have a common "human interface". The structure 
of commands, the dialogues, the reactions of the system and so on should 
be standardized. Hol ist ic job structures often request that the employees 
use more than one CM component. Thus differences in the software d ia -
logues hinder such structures of job design. 
12. - The software architecture in CM is to be formed so that decentralized 
decision-making i s supported. Decisions aided by CM should be made in 
the workplace where the effects resulting out of the decision can be 
judged best. Realizing that principle, i t is possible to adjust compe-
tence and responsibil ity. 
13. - T h e work organization in CM and therefore the CM architecture, too, is 
to be formed in such a vay that individual qualifications of the em-
ployees can further be i.sed in the same departments. Task shifting by CM 
architecture from one d« partment with qualif ied people to do these tasks 
to another departnent should be avoided. Otherwise, this would lead to 
dequalification. 
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- In structuring the C3M data base an attempt should not be made to collect 
and centralize a l l information of a plant in one big memory. In contrary, 
i t is to be assured that from the single CM workstation only that part 
of the information wiiich is actually needed by others to do their work is 
handed to the higher level in CM architecture. The benefit of such a 
tree-like concept i s dual : the amount of data that i s to be kept in cen-
t ra l memories remains in a form that can be handled. Besides, the indiv i -
dual employée on his CIM workstation is not kept under permanent control. 
- The possibi l i t ies of CM should be used to create hol is t ic job structu-
res. Within the framework of integrated systems adequate competence 
structures are best to be established by regrouping the departments in 
vertical organization. For each product or group of products in a firm 
the people working in design, planning and production should be linked 
closer together. 
- More than in the past CIM offers the possibi l i ty to support the so-called 
concept of design, planning and production islands. 
- Training programs are necessary to give the employees transparence of i n -
formation processing in C M . Only this transparence enables workforce to 
fu l ly use the scope they have in decision-making. 
- CM concepts should have a form in which the decision-making by humans is 
supported, not the automated. This means, for example, that CM systems 
offer simulations of the consequences of different decision alternatives 
to aid the decision-maker. 
In the following f ields the present software supply of CM corrponents 
hinders the realization of human CM structures: 
- Coirmon data structures, especially between CAD-systems and for example 
material requirements p..anning systems, are not available. 
- Common "human interfaces", i .e . "man-machine dialogue", e t c , have not 
yet been developed for the CM components. Even within one CM component 
there is a broad variety of dialogues which different vendors offer. 
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C e r t a i n i n t e r f a c e s f o r da ta exchange which would a l l ow t o r e a l i z e a l t e r -
na t i ve forms o f CTM are not a v a i l a b l e . The vendors p a r t l y o f f e r software 
s o l u t i o n s fo r C M concepts which are in terconnected w i t h s p e c i f i c o r g a n i -
z a t i o n a l s o l u t i o n s . 




20. The development of framework planning, r e q u i r e s r e s e a r c h 
Computer a ided PPC-Systems are necessary f o r genera l p l a n n i n g of 
dead l ine and c a p a c i t y over longer p e r i o d s . In the meantime a number 
of th ings have happened in t h i s f i e l d , but the problems have by no 
means: a l l been s o l v e d . Here f u r t h e r research appears a b s o l u t e l y 
e s s e n t i a l . It should and must be o r i e n t e d on the s p e c i f i c problems 
of s m a l l - b a t c h product ion and those of smal l f i r m s . 
The reason f o r t h i s o r i e n t a t i o n on the s p e c i f i c problems of smal ler 
f i rms and of s m a l l - b a t c h p r o d u c t i o n l i e s in the f a c t that many of 
the w e l l known systems ( t o t a l p lann ing systems) are e i t h e r not at 
a l l or only p a r t i a l l y s u i t e d to a i d p lann ing and s t e e r i n q of the 
p roduct ion processes in f i rms with i n d i v i d u a l or s m a l l - b a t c h produc-
t i o n . 
21. Shop f l o o r p lann ing w i t h i n the frame of c e n t r a l l y c o n t r o l l e d 
order pools 
Workers should be regarded as a c t o r s i n the PPC-system at t h e i r 
workplace. They should be g iven (or r e t a i n ) the r i g h t to complete 
the " f i n a l d e t a i l e d p lann ing" over a set p e r i o d of t ime, which 
should be at l e a s t one day and p r e f e r a b l y two. 
T h i s s o - c a l l e d shop floor p l a n n i n g i s compat ible with the workers 
be ing g iven urgent o r d e r s , by the product ion s t e e r i n g department, 
which need to be g iven p r i o r i t y in p r o c e s s i n g f o l l o w i n g aggree-
ment, and 
be ing g iven d i r e c t i o n s concern ing p r i o r i t y or suquence by the 
f i r m as a r e q u e s t . 
The f i n a l r i g h t of d i s p o s i t i o n must however - f o r p r i o r i t y or s e -
quence d i r e c t i o n s - remain with the worker . 
I t i s important to bear i n mind tha t t h i s form of shop f l o o r p l a n -
ning (with worker as actors of the PPC-System) i s in the f i r s t p lace a 
q u e s t i o n of o r g a n i s a t i o n and not o f PPC hard -core sof tware . 
But there are some developments of PPC-systems which use the " t a c i t 
knowledge" of the foremen and the workers by l e a v i n g to them d e -
c i s i o n s about the sequence of work w i t h i n l i m i t e d p e r i o d s of t ime. 
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These systems are in tended to make in format ion a v a i l a b l e i n order 
to support d e c i s i o n s by the users ( for ins tance by showing q u i c k -
l y and unambiguously on the t e r m i n a l the consequences of p o s t p o -
n ing a t a s k ) . 
The d e c i s i o n and p l a n n i n g r e s p o n s i b i l i t y remains wi th the u s e r s , 
e . g . foremen and /or workers: a lgor i thms are no more i n c l u d e d in 
the system which " a u t o m a t i c a l l y " prov ide a d e c i s i o n . 
These new systems make h igh demends on the c r e a t i o n of software 
ergonomy, amongst other th ings because they should be on ly s p o r a d i -
c a l l y used i n a d d i t i o n to t h e i r " a c t u a l " tasks by the u s e r s . 
22. " L e n i e n t " c o n t r o l s as a compromise in data c o l l e c t i o n and p r o c e s -
s i n g i n f i r m 
The c o u p l i n g of p e r s o n a l data and p r o d u c t i v i t y data should be ex-
c l u d e d . The i n d i v i d u a l r e g i s t r a t i o n of the beginning and end of each 
task should be r e p l a c e d by the r e g i s t r a t i o n of f i n i s h e d packages of 
t a s k s . That means: Data i ls are in genera l not a u t o m a t i c a l l y c o l l e c t e d 
v i a t e rmina ls but are repor ted by the worker at the end of the s h i f t 
Such r e l a t i v e l y loose c o n t r o l s are s u f f i c i e n t for the complet ion of 
orders on time and a l s o fo r c o s t - a c c o u n t i n g . 
23. P roduc t ion i s l a n d s as a concept f o r shop f l o o r p lann ing 
The idea of (autonomous) p roduc t ion i s l a n d s goes fa r beyond the sug-
g e s t i o n s presented up t i l l now. It has been cons idered as a model 
fo r a f a r - r e a c h i n g s e l f - o r g a n i s a t i o n of work in i n d u s t r i a l p roduc-
t i o n (and assembly ) . 
In our o p i n i o n t h i s concept i s p a r t i c u l a r l y a p p l i c a b l e to smal l 
f i r m s i n the e n g i n e e r i n g b r a n c h , where i t i s not so much a matter 
(as i t i s i n l a r g e r f i rms) of under tak ing a r e o r g a n i s a t i o n of p r o -
d u c t i o n means from the aspect of t e c h n o l o g i c a l groups. In smal l 
f i rms the whole mechanical p r o d u c t i o n (and the assembly ) , with p e r -
haps 10 to 20 workers , can b a s i c a l l y be regarded as an " i s l a n d " 
(Manske 1986 b ) . (1) 
24. The economic advantages of framework p lann ing 
In the points a. - b. indications were g iven both for the research as we l l 
as f o r o r g a n i s a t i o n of PPC-use i n a f a c t o r y . The q u e s t i o n remains 
of the economic e f f i c i e n c y of the concept framework p lann ing fo r 
the use and the f u r t h e r development of PPC - and not l e a s t as an 
important example f o r the human centered use and development of 
computer -a ided t e c h n o l o g i e s . 
1) When dealing with research and development i t should be taken far more into 
consideration than vp t i l l now that the greater number of firms in industry 
(at least in the FRG) are small firms with less hierarchical structures than 
large firms. It is however the major firms which to a great extent decis i -
vely influence the software development (for instance in the PPC f ie ld ) . 
Schultz-Wild (1987): Transformation Conditions of Future Factory Structures: Technology, Organization, Education and 
Vocational Training
I n c h a p t e r 3 a r g u m e n t s w e r e p r e s e n t e d f o r t h e e c o n o m i c s u p e r i o r i t y 
o f f r amework p l a n n i n g o v e r t o t a l p l a n n i n g . A r e c e n t c a s e s t u d y i n 
an e n g i n e e r i n g f a c t o r y h a s a g a i n shown c o n c r e t e l y t h e d e f i c i t s o f 
t o t a l p l a n n i n g i n m e c h a n i c a l e n g i n e e r i n g . The a u t h o r , t h e h e a d o f 
t h e p l a n n i n g d e p a r t m e n t o f t h a t f a c t o r y , a r r i v e s a t t h e c o n c l u s i o n 
t h a t f r a m e w o r k p l a n n i n g i s t o be e c o n o m i c a l l y p r e f e r r e d t o t o t a l 
p l a n n i n g . T h i s i s o f c o u r s e no f i n a l p r o v e o f t h e s u p e r i o r i t y o f 
f r a m e w o r k p l a n n i n g - b u t r e g a r d e d i n c o n n e c t i o n w i t h t h e i n c r e a s e 
i n s u p p o r t f o r f r a m e w o r k p l a n n i n g i t g o e s some way t o w a r d s s h o w i n g 
t h a t t h e human c e n t e r d p a t h i s t h e r i g h t one ( c i f . P a b s t 1 9 8 5 ) . 
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H. Braczyk 
Recom me n da lions 
25. In order to realize the concept of human centred technology the 
need for user's consent must be considered. For that reason two 
types of technological development and design should enjoy pr iv i le -
ged support ir terms of financial aid by national and EEC authori -
ties: 
pre-decision- type, that means the development and design of 
technology (including steering systems, lata and information 
management and software in particular) which provides the 
full range of options in the use of technology, leaving the f i -
nal decision on utilization with respect to work organization, 
qualificational structure and skill levels to the users; 
post-decision-type, that means the development and design of 
technology in accordance with a specific user's conception of 
utilization based upon consent among different user groups. 
Advantages and disadvantages of each type should be investigated 
in the course of appropriate experiments. 
26. Recognizing the functional relationship between user's consent and 
human centred use of technology development and design of new 
technology should be organized as a social process, it is recommen-
ded that user groups first of all should determine the kind of work 
organization (including horizontal and vertical task definitions) qua -
lificational structure and skill levels prior to the design of techno-
logy. From theses determinations the key criteria for the develop-
ment and design of technology should derived from. 
27. User groups should consist of different status groups (shop floor 
workers, technical staff etc.), members of the industrial relations 
system. External expert should give support on both levels concep-
tual and design work. 
28. Research and development should consider different types of user 
systems with respect to industrial branches, firm's structures and 
sizes. In particular, experiments should exemplify ways of realization 
of human centred technologies under conditions of small and medium 
sized enterprises. 
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B. Haywood, J . Bessant 
RECOMMENDATiDNS. 
The above a n a l y s i s opens up a range of resear c h q u e s t i o n s and 
i s s u e s . F i r s t i s the need f o r much more documentation of the 
range of c h o i c e a v a i l a b l e under p a r t i c u l a r circumstances and the 
c o s t s / b e n e f i t s a s s o c i a t e d w i t h each. This might h i g h l i g h t , t o r 
example, the k i n d of p o i n t made by I n g e r s o l i Engineers (35), 
which s u g g e s t s t h a t low r i s k , low c o s t changes i n pr o d u c t i o n 
methods, such as group t e c h n o l o g y or J I T , can b r i n g s i g n i f i c a n t 
b e n e f i t s more r a p i d l y and r e l i a b l y than h i g h r i s k t e c h n o l o g i c a l 
i n v e s t m e n t s l i k e FHS o r CAD/CAM. For s m a l l e r f i r m s t h i s may 
r e p r e s e n t a more v i a b l e o p t i o n than f u l l s c a l e t e c h n o l o g y based 
f a c t o r y renewal. A l t e r n a t i v e l y , some la r g e m a n u f a c t u r e r s b e l i e v e 
"the o n l y way we v i l l beat the Japanese i s w i t h technology", 
j u s t i f y i n g e x t e r s i v e and s o p h i s t i c a t e d i n v e s t m e n t s i n 
t e c h n o l o g y . We would r e f e r them to the s t a t e m e n t of Konosuke 
M a t s u s h i t a quoted e a r l i e r , and t o p r o b l e m a t i c e x p e r i e n c e s w i t h 
major t e c h n o l o g y i n v e s t m e n t s such as G e n e r a l Motors S a t u r n 
p r o j e c t . 
A second, r e l a t e d p o i n t , c o n c e r n s the s t r a t e g y f o r change. This 
may be on the b a s i s of " i s l a n d s of automation" or o r g a n i s a t i o n a l 
change or quantun l e a p s i n technology or a simultaneous 
o r g a n i s a t i o n and ;echnology change - or even a no technology 
a p p r o a c h . O p t i o n s and consequences need to be examined more 
t h o r o u g h l y . Here too some i n d i c a t i o n of p r a c t i c a l experience i n 
i n c r e m e n t a l s t r a t e g es would be v a l u a b l e i n f o r m a t i o n to c o l l a t e 
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and o r g a n i s e . T h i s c o u l d a l s o be achieved through the type of 
s i m u l a t i o n e x e r c i s e s conducted by the U.Ks Nat ional Economic 
Development O f f i c e (36) p r o j e c t which suggested how each l eve l 
of investment cou ld be used to fund the next . 
T h i r d i s the need to i d e n t i f y and descr ibe the d i f f e r e n t k inds 
of i n t e g r a t i o n r e q u i r e d . Th is should c l a r i f y the issues and to 
set them in the context of d i f f e r e n t f i rm s i z e and s e c t o r . For 
example, we have l i s t e d above some of the areas such as 
f u n c t i o n a l i i t e g r a t i o n , though we should d i s c o v e r which 
f u n c t i o n s w i l l be a f f e c t e d most. In the f i e l d of work 
o r g a n i s a t i o n d e s i g n , t r a d i t i o n a l T a y l o r i s t i c approaches may be 
l e s s than appropr ia te f o r in tegra ted tasks and the s k i l l s 
requ i red in the f a c t o r y of the f u t u r e . In p a r t i c u l a r , there i s 
c o n s i d e r a b l e d i s c u s s i o n around the op t ions f o r devo lv ing power 
and autonomy back to the shop f l o o r - by us ing s k i l l e d labour as 
a key i n t e g r a t i v e i n t e r f a c e (37). 
F o u r t h , a n a l y s i s and research needs to be developed in severa l 
other a r e a s ; fo r example, a consequence of t r a d i t i o n a l pa t te rns 
of o r g a n i s a t i o n has been the need f o r long v e r t i c a l h i e r a r c h i e s 
in the f i rm but t h i s i s l i k e l y to be cha l l enged by in tegra ted 
t e c h n o l o g i e s . S i m i l a r l y , t r a d i t i o n a l l inkages between s u p p l i e r s 
and users have f Dcussed on p r i c e n e g o t i a t i o n , yet evidence i s 
growing of the neei f o r r a d i c a l l y changing t h i s p a t t e r n . L a s t l y , 
i n the f i e l d of f u n c t i o n a l i n t e g r a t i o n , which a r e a s / f u n c t i o n s 
are p a r t i c u l a r l y a f f e c t e d and how (eg, in l i n k s between design 
and manufactur ing , or account ing and market ing) . 
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F i n a l l y , a l t h o u g h t h e r e i s g r o w i n g e v i d e n c e i n t h e l i t e r a t u r e 
a b o u t t h e p r o b l e m s p o s e d by i n t é g r â t î d t e c h n o l o g i e s and t h e need 
f o r o r g a n i s a t i o n a l a d a p t a t i o n , t h e r e i s r e l a t i v e l y l i t t l e we 
know a b o u t how t o make t h o s e c h a n g e s . I n p u t m i g h t i n c l u d e 
e d u c a t i o n and t r a i n i n g , j o b d e s i g n o r f u l l s c a l e o r g a n i s a t i o n 
d e v e l o p m e n t i n t e r v e n t i o n s . What may be needed i s n o t so much t h e 
d e v e l o p m e n t o f t o t a l l y new m e t h o d o l o g i e s , b u t a d a p t i n g and 
t r a n s f e r r i n g t h o s e a l r e a d y p r o v e n .n o t h e r a r e a s , s u c h a s , 
s o c i o - t e c h n i c a l s y s t e m s d e s i g n . 
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B u r k a r t S e l l i n 
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New M a n u f a c t u r i n g Systems: 
I m p l i c a t i o n s f o r I n i t i a l and C o n t i n u i ig T r a i n i n g 
A l t h o u g h i t i s not y e t p o s s i b l e t o f o e c a s t t h e c o n t o u r s 
of f u t u r e m a n u f a c t u r i n g systems i n s o f , r as t h e s e w i l l be 
i n f l u e n c e d by v a r i o u s f a c t o r s , our p r e s e n t - d a y knowledge 
a l r e a d y s u f f i c e s t o make a number of ecommendations 
r e g a r d i n g t h e development of i n i t i a l . nd c o n t i n u i n g v o c a -
t i o n a l t r a i n i n g . Of c o u r s e , i t w i l l i>e n e c e s s a r y t o t a k e 
a c c o u n t of t h e s i t u a t i o n p r e v a i l i n g i n each Member S t a t e 
c o n c e r n e d : some Member S t a t e s a r e a l r e a d y i n a v e r y 
f a v o u r a b l e p o s i t i o n f o r a d j u s t i n g t o new developments on 
th e s t r e n g t h of t h e i r e x i s t i n g t r a i n i n g p o t e n t i a l ; o t h e r s 
w i l l have t o a d d r e s s t h e m s e l v e s t o t o t a l l y r e v i s i n g t h e i r 
v o c a t i o n a l t r a i n i n g p o l i c y i f t h e y i n t e n d t o c o n t i n u e t o 
p l a y a major r o l e i n t h i s f i e l d . 
33. P r o v i s i o n f o r r e t r a i n i n g o r c o n t i m i n g t r a i n i n g 
schemes f o r e x i s t i n g p e r s o n n e l and f o r t h e t r a i n i n g o r 
i n d u c t i o n o f new p e r s o n n e l s h o u l d commence p r i o r t o 
the i n t r o d u c t i o n of new ma n u f a c t u r " n g systems o r a t 
t h e l a t e s t w i t h t n e i r i n s t a l l a t i o n . 
T h i s c a l l s f o r a s t o c k - t a k i n g o f t i e e x i s t i n g o r 
a v a i l a b l e t r a i n i n g p o t e n t i a l and t i e d e f i n i t i o n o f the 
i d e a l s i t u a t i o n for t h e new m a n u f a c t u r i n g system i n 
t h e l i g h t o f t h e type o f work org a i i z a t i o n e n v i s a g e d . 
A l t h o u g h m a n u f a c t j r e r s can assume j e s p o n s i b i l i t y f o r 
p r o v i d i n g some o f t h e i n d u c t i o n o r c o n t i n u i n g t r a i n -
i n g , t h e major p a r t has t o be c o v e r e d by t h e company 
i t s e l f o r by inte--company, group t r a i n i n g c e n t r e s . 
W i t h o u t a c o m p r e h e n s i v e t r a i n i n g e f f o r t , i t i s seldom 
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•possible: t o e x p l o i t t o t h e f u l l t h • p o s s i b i l i t i e s 
o f f e r e d by moderr m a n u f a c t u r i n g s y s t e m s : s e n s i t i v i t y 
and downtimes are l i k e l y t o i n c r e a s e , t h e r e b y c u t t i n g 
down p r o d u c t i v i t y . A number of f i ms have a l r e a d y 
gone b a n k r u p t as a r e s u l t of t h e c o n c o m i t a n t low 
r e t u r n on t h e i r c a p i t a l i n v e s t m e n t o t h e r s have r e l i e d 
u n d u l y on t h e mai u f a c t u r e r s o f sue i new systems. 
The s k i l l e d manpcwer d i r e c t l y engaged i n t h e manufac-
t u r i n g p r o c e s s - t u r n e r s , m i l l e r s , p l a n e r s - a r e 
t r a i n e d t o work i s e x p e r t s i n meta - c u t t i n g t e c h n i q u e s 
who can m a s t e r t i e f u l l range o f c h a n i c a l , e l e c -
t r o n i c , h y d r a u l i c and s e n s o r i m o t o r t e c h n i q u e s i n v o l v -
ed. In a d d i t i o n t o c a r r y i n g out s t r a i g h t f o r w a r d s e r -
v i c i n g o p e r a t i o n s , t h e y s h o u l d be ,;ble t o cope w i t h 
m a i n t e n a n c e work and a l s o r e p a i r t ie system i n t h e 
e v e n t o f breakdown. These a b i l i t i e s a r e p a r t i c u l a r l y 
n e c e s s a r y where t h e programming wo k i s p a r t i c u l a r l y 
c u s t o m i z e d . Under c e r t a i n c i r c u m s t a n c e s , however, 
such s k i l l e d work can a c q u i r e a new d i m e n s i o n o f 
autonomy, q u i t e d i f f e r e n t from the c o n v e n t i o n a l con-
c e p t s o f p i e c e w o r k o r h o u r l y wage systems. 
More i n t e n s i v e e f f o r t s s h o u l d be made t o t r a i n u n s k i l -
l e d and s e m i - s k i l l e d workers t o be :ome s k i l l e d w orkers 
o f t h e modern t y p e , t h i s p r e s u p p o s i n g new forms of 
combined in-compeny and e x t e r n a l c o n t i n u i n g t r a i n i n g . 
New forms of a l t e r n a n c e t r a i n i n g l i . n k i n g in-company 
work e x p e r i e n c e v i t h t h e o r y i n s t r u c t i o n o u t s i d e t h e 
company and l e a d i n g t o r e c o g n i z e d g u a l i f i c a t i o n s 
s h o u l d a l s o be d e v e l o p e d f o r o l d e r w o r k e r s . Temporary 
r e l e a s e f o r educ£tion and t r a i n i n g p u r p o s e s i s of 
i n c r e a s i n g advantage t o b o t h the company and t h e i n d i -
v i d u a l i n s o f a r ai h i t h e r t o unused c r e a t i v i t y and 
l e a r n i n g p o t e n t i a l s can be h a r n e s s - d f o r r e v i t a l i z i n g 
p r o d u c t i o n and work o r g a n i z a t i o n a id t h e w o r k f o r c e can 
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be a c t i v e l y i n v o l v e d i n s h a p i n g t h i s p r o c e s s w i t h a 
view t c u p g r a d i n g t h e i r own working c o n d i t i o n s . C o l -
l e c t i v e b a r g a i n i n g and c o r p o r a t e agreements s h o u l d pay 
i n c r e a s i n g a t t e n t i o n t o such t r a i n i n g components i n 
f u t u r e . 
36. A change i s t a k i n g p l a c e i n t h e c o r p o r a t e h i e r a r c h i c a l 
s t r u c t u r e of the c o r e w o r k f o r c e i n i n d u s t r y . There i s 
a p o s s i b i l i t y h e r e t h a t the gap between the h i g h e s t 
and l o w e s t l e v e l s w i l l be narrowed and t h a t t h e number 
of i n t e r m e d i a t e l e v e l s w i l l d e c l i n e : t h e s k i l l e d work-
e r w i l l become h i s own s h o p - f l o o r foreman, he w i l l 
move away from manual, o p e r a t i v e t a s k s and be more o f 
a t e c h n i c i a n w i t h m o n i t o r i n g and programming d u t i e s 
who o r g a n i z e s t h e manual o p e r a t i o n of the p l a n t and 
m a c h i n e r y . I n i t i a l v o c a t i o n a l t r a i n i n g has h a r d l y 
t a k e n a c c o u n t o f t h i s development; i t s t i l l makes a 
r i g i d d i s t i n c t i o n between manual and o p e r a t i v e t r a i n -
i n g on t h e one hand and more advanced t r a i n i n g r e -
q u i r i n g g r e a t e r i n d i v i d u a l i n i t i a t i v e on t h e o t h e r . 
37. As i n i t i a l v o c a t i o n a l t r a i n i n g systems o r i e n t e d t o -
wards p r o v i d i n g a t r a i n i n g t o l a s t a l i f e t i m e a r e 
i n c r e a s i n g l y l o s i n g ground i n the r a c e w i t h t e c h n o -
l o g i c a l advance, th e c o n t i n u i n g t r a i n i n g f i e l d i s 
c u r r e n t l y e x p e r i e n c i n g a r e n a i s s a n c e which i s f i n d i n g 
e x p r e s s i o n i n b o t h t h e " t r a i n i n g campaigns" and new 
t r a i n i n g i n i t i a t i v e s l a u n c h e d by governmental i n s t i -
t u t i o n s and a l s o i n t h e i n c r e a s i n g e f f o r t b e i n g i n -
v e s t e d i n t h i s f i e l d by p r i v a t e a g e n c i e s and com-
p a n i e s . I n i t i a l and c o n t i n u i n g v o c a t i o n a l t r a i n i n g i s 
once a g a i n e d g i n g c l o s e r t o t h e c o r p o r a t e s p h e r e , but 
t h i s t i m e w i t h o u t n e c e s s a r i l y b e i n g c o m p a n y - s p e c i f i c 
i n t h e c o n v e n t i o n a l manner. On the c o n t r a r y , i t i s 
becoming e v e r b r o a d e r and e v e r more comprehensive, but 
a t t h e same t i m e r e m a i n i n g i n l i n e w i t h company needs 
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i n o r d e r t o r a i s e s k i l l e d w o r k f o r c e l o y a l t y t o c o r -
p o r a t e g o a l s . To some e x t e n t , European f i r m s a r e 
b e i n g i n f l u e n c e d by t h e J a p anese model, f o r in-company 
c o n t i n u i n g t r a i n i n g has l o n g s e r v e d i n Japan as an 
i m p o r t a n t i n s t r u m e n t i n k e e p i n g the w o r k f o r c e w i t h the 
f i r m and a t the same time u t i l i z i n g p r e v i o u s l y w a s t i n g 
p o t e n t i a l . 
The T a y l o r i s t / F o r 1 p r o c e s s whereby s k i l l e d work has 
been broken down Into a l a r g e number of s t r i c t l y 
d e l i n e a t e d s u b - o c c u p a t i o n s c o u l d f i n d i t s e l f not o n l y 
s t o p p e d but even s w i t c h e d i n t o r e v e r s e by t h e new 
m a n u f a c t u r i n g s y s t e m s . ^ However, i t would be m i s -
g u i d e d t o b e l i e v e t h a t t h i s would r e n d e r s p e c i a l i z a -
t i o n s u p e r f l u o u s , as o n l y by means of s p e c i a l i z a t i o n 
and c o n s o l i d a t e d know-how i s i t p o s s i b l e t o c r e a t e the 
n e c e s s a r y s e n s i t i v i t y f o r h i g h - q u a l i t y work and t o 
a p p l y t h e c o r r e s p o n d i n g s k i l l s t o o t h e r s i t u a t i o n s , 
f i e l d s o f m a r u f a c t u r i n g and a c t i v i t i e s : a t o o l - m a k e r 
i s a b l e t o ac j u s t more r a p i d l y t o t i m b e r o r p l a s t i c s 
p r o c e s s i n g t h a n an i n d u s t r i a l f i t t e r who has no t r a i n -
i n g i n t h e b a s i c t e c h n i q u e s o f c u t t i n g , f o r g i n g and 
m o u l d i n g . A g r a d u a t e d a p p r o a c h t o t r a i n i n g p r o v i d i n g 
f o r b a s i c o c c u p a t i o n a l / t e c h n i c a l t r a i n i n g , s k i l l e d 
t r a i n i n g and s p e c i a l i z a t i o n w i l l t h e r e f o r e remain an 
i m p o r t a n t c o n s i d e r a t i o n . 
1. T h i s t r e n d dees not n e c e s s a r i l y p r e c l u d e t h e emergence 
of new, p erhcps even more r i g i d forms of l a b o u r 
d i v i s i o n with use b e i n g made of t h e g r e a t e r c o n t r o l 
p o s s i b i l i t i e ? o f f e r e d by modern m a n u f a c t u r i n g systems. 
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39. None o f t h e h i g h l y d e v e l o p e d i n d u s t r i a l s o c i e t i e s w i l l 
be a b l e t o a f f o r d t o a l l o w up t o 50% o r even more of 
t h e i r young g e n e r a t i o n t o e n t e r working l i f e w i t h o u t a 
s k i l l e d t r a i n i n g . T r a i n i n g as a s k i l l e d worker or 
s k i l l e d employee t o l e v e l 2 of t h e t r a i n i n g s t r u c t u r e 
p r o p o s e d by ;he EC Commission as a r e f e r e n c e framework 
(see C o u n c i l D e c i s i o n of J u l y 1 9 8 5 ) , appears t o be a 
minimum r e q u i r e m e n t f o r anyone s t r i v i n g f o r - o r hav-
i n g t o s t r i v e f o r - s t a b l e employment. 
4 n . At t h e same cime, c o r p o r a t e needs f o r c o n t i n u i n g 
t r a i n i n g and t h e c o n t i n u i n g t r a i n i n g demand f o r t h c o m -
i n g from bot i the employed and t h e unemployed w i l l 
c a l l f o r t h e e s t a b l i s h m e n t and c o n s o l i d a t i o n o f a 
f c u r t h f i e l d o f g o v e r n m e n t - c o n t r o l l e d and government-
o r g a n i z e d e d j c a t i o n p r o v i s i o n a l o n g s i d e the e x i s t i n g 
p r i m a r y , s e c o n d a r y and t e r t i a r y f i e l d s , i . e . c o n t i n u -
i n g t r a i n i n g p r o v i s i o n , i f t h e many demands p l a c e d on 
c o n t i n u i n g t r a i n i n g t o d a y a r e t o be met s a t i s f a c t o r i -
i y -
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